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enrichment METHOD FOR VAR.ANT proteins wtth altered binding properties 

FIELD OF THE INVENTION 

This invention relates to the preparation and systematic selection o« nove. binding proteins having 
aitered binding properties for a target motecule. Specfr.ca.ly. this invention reiates to methods lor produang 
foreign polypeptides mimicking the binding activity of naturally occurring binding partners. In preferred 
embodiments, me Mention is directed to the preparation of therapeutic or diagnostic compounds that m,m,c 
proteins or nonpeptid^o*^^ 
molecules such as growth hormone. 

BACKGROUND OF THE INVENTION 

Binding partners are substances that specifically bind to one another, usually through noncovatent 
interactions. Exam^es of binding partners include .igand-receptor, antibody-antigen, drug-target, and enzyme- 
substrate interacts. Binding partners are extreme* useful in both therapeutic and diagnostic takte. 

Binding partners have been produced in the past by a variety of methods including; harvesting them 
from nature (e.g., antibody-antigen, and .igand-receptor pairings) and by adventitious identification (e.g. 
traditonal drug deve.opment employing random screening of candkfcte motecutes). m some stances these two 
app-oaches have been combined. For example, variants of proteins or polypeptides, such as polypeptde 
fragments have been made that contain key functional residues that participate in binding. These polypeptide 
fragments, in turn, have been derivatized by methods akin to traditional drug deve.opment. An exampte of such 
derivation wouU inciude strategies such as cyc.iza.ion to conformation^ constrain a polypeptide fragment to 

produce a novel candidate binding partner. 

The problem with prior art methods is that naturally occurring ligands may not have proper 
characteristics for a.l therapeutic applications. Additional polypeptide ligands may not even be available for 
some target substances. Furthermore, methods for making non-naturally occurring synthetic binding partners 
are often expensive and difficult, usually requiring convex synthet* methods to produce each candidate. The 
inability to characterize the structure of the resulting candidate so that rational drug design methods can be 
applied for further optimization of candidate molecules further hampers these methods. 

,n an attempt to overcome these probtems. Geysen (Geysen. IwwJxteLfiM-W [1985]); and 
(Geysen et a/., MJMW>. 23:709-715 11986]) has proposed the use of porypept.de synthesis to provrte a 
framewo* for system** iterative binding partner identified and preparation. According to Geysen et a,., 
im short po.ypep.ides, such as dipeptides, are first screened for the ability to bind to a target molecule. The 
most active dipeptides are then setected for an additional round of testing comprising linking, to the starting 
dipeptide an additional resdue (or by interna..y modifying me components of me original starting dipeptide) and 
then screen this set of candidates for me deared activity. This process is reiterated unti. the Ending partner 
having me desired properties is identified. 

The Geysen et al. method suffers from the disadvantage mat the chemistry upon which it is based, 
peptide synthesis, produces molecu.es with Meted or variable secondary and tertiary structure. As rounds of 
iterative selection progress, random interactions accelerate among the various substituent groups of the 
40 po.ypeptide so that a true random populafon of interactive molecules having reproducible higher order structure 
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becomes tess and less attainabte. For exampte.interaCions between side chaos of amino acids, whchare 
sequent^ wtfely separated but wh*h are spatially nefchbors. freety occur. Furthermore, sequences thatdo not 
.agitate conformably stabte secondary structures provkJe comptex pepWe-.dechain fcteractcns wh,ch may 
prevent sidechain interactions of a grven mho acid with the target molecule. Such complex interactions are 
5 facilitated by the flexibility of the polyamide backbone of the po.ypeptide candidates. Additionally, candidates 
may exist in numerous conformations making it difficult to identify the conformer that interacts or bnds to the 
target with greatest affinity or specificity complicating rations] drug design. 

A final problem with the iterative polypeptide method of Geysen is that, at present, there are no 
practical methods with which a great divert of different peptides can be produced, screened and analyzed. By 
10 using the twenty natural* occurring amino acids, the total number of ail combinatory of hexapeptides that must 
be syntheazed is 64.000.000. Even having prepared such a diversity of peptkJes. there are no methods availabte 
with whteh mixtures of such a diversity of peptides can be rapidly saeened to select those peptides ha.ng a h,gh 
affinity for the target molecute. At present, each 'adherent- peptide must be recovered in amounts large enough 

to carry out protein sequencing. 
, 5 To overcome many of me problems W*rent in the Geysen approach, biological selection and screening 

was chosen as an alternative. Btologtoal selections and screens are powerful tools to probe protein function and to 
isolate variant proteins with desirable properties (Shortle. Protein Fmineerino. Oxender and Fox, eds.. A.R. Liss. 
inc.. NY, pp. 103-108 [1988]) and Bowie et a/.. Science, 247:1306-1310 (1990)]. However, a given selection or 
screen is applicable to only one or a small number of related proteins. 

RecentJy. Smith and coworkers (Smith, Science, 228: 1315-1317 [1985]) and Parmley and Smith, QfiOfi. 
73-305-318 11985] have demonstrated that small protein fragments (10-50 amino acids) can be 'displayed' 
efficiently on the surface of filamentous phage by inserting short gene fragments into gene HI of the fd phage 
(■toon phage'). The gene III minor coat protein (present in about 5 copies at one end of the virton) is important 
for proper phage assembly and for infection by attachment to the pi" of E. coli (see Rasched ef a/. , MlCIfibjol 
Bex. 50: 401 427 1.1 986]). Recently, fusion phage' have been shown to be useful for displaying short mutated 
peptide sequences for identifying peptides that may react with antibodies (Scott et a/.. Science. 249: 386-390, 
[1990] )and Cwirla et a/., Pr~ »** "-S-A 87: 6378-6382, [I990]).or a foreign protein (De^in et a/.. 

Science . 249: 404-406 [1990]). 

There are. however, several important limitations in using such fusion phage' to identify altered 
30 p^orpml^^nworai^h^preparB". Rrst. it has been shown (Parmtey et a/., fiene. 73: 
305-318 [19881) that toon phage are usey only for displaying proteins of less than 100 and preferably less 
man 50 amino acid residues, because large inserts presumably disrupt me functton of gene ... and therefore phage 
assembly and inactivity. Second, pror art methods have been unable to select peptides from a library havmg the 
highest binding affinity for a target molecule. For example, after exhaustive panning of a random peptide ..brary 
35 with an anti-fi endorphin monoctonal antibody. Cwirla and co-workers could not separate moderate aff.n.ty 

peptides (Kd - 10 nM) from higher affinity peptides (Kd -0.4 uM) fused to phage. Moreover, the parent p- 
endorphin peptide sequence which has very high affinity (Kd - 7nM). was not panned from the epitope library. 

Ladner WO 90/02802 discloses a method for selecting novel binding proteins displayed on the outer 
surface of cells and viral particles where it is contemplated that the heterologous proteins may have up to 164 
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amino acid residues . Tie method contemns isolating and amplifying the clayed proteins to engineer a new 
family o. binding proteins having desired affinity tor a target molecute. More specify. Ladner d.sdoses a 
fuaon phage- dismaying proteins having -HH protein Ending domes' ranging from 46 revues (crambn) to 
164 resdues (T4 fysozyme) fused to the M13 gene II. coat protein, Ladner teaches the use of proteins "no larger 
than necessary because it is easier to arrange restrict sites in smaTier amino acid sequences and prefers the 58 
amino acid residue bovine pancreatic trypan inhibitor (BPTI). Small fusion proteins, such as BPTI, are preferred 
when the target is a protein or macromolecule, while larger fusion proteins, such as T4 .ysozyme. are preferred for 
smali target molecules such as steroids because such large proteins have daft and grooves tt> tffch small 
motecutes can fit. The preferred protein. BPTI, is proposed to be fused to gene HI at the * disposed by Sm.th 
et al. or de la Cruz et a/.. ■■ hw dim- 263: 43184322 [1988], or to one of the termWi. along with a second 
synthetic copy of gene III so that 'some' unaltered gene HI protein will be present. Ladner does not address the 
problem of successfully panning high affinity peptides from the random peptide library which plagues the 
biological selection and screening methods of the prior art 

Human growth hormone (hGH) participates in much of the region of normal human growth and 
development. This 22,000 dalton pituitary hormone exhibits a multitude of biological effects including linear 
growth (somatogenesis), lactation, activate of macrophages, insu.in-.ike and diabetogenic effects among others 
(Chawta. R, K. (I983) AnnJifiYjfel 24, 519; Edwards. C. K. et al. (I988) Swx&m 769; Thomer, M. 0.. et al. 
(I988) .! rain Invest. fiL 745) Growth hormone deficiency in chrtdren leads to dwarfism which has been 
successfully treated for more than a decade by exogenous administrate of hGH. hGH is a member of a family of 
homologous hormones mat include ^cental lactogens, profcctins. and other genetic and spectes variants or growth 
hormone (Mo* CM a/., (.986) mstteBM^I. 169). hGH is unusu* among these in that it exhibits broad 
specfes specificity and tends to either the cloned somatogenfc (Leung, D. W.. et al., [I987] m^m 537) or 
prolactin receptor (Boutin, J. U,et a/., [.988] 53. 69). The cloned gene for hGH has been expressed .n a 
seaetedforminEst^ 

been reported (Goeddel. et al., P 979) Nafta 2BL 544; Gray, el a/., P 985] £kD£ & 247). The tridimensional 
structure of hGH is not available. However, the tridimensional folding pattern for porcine growth hormone 
(pGH) has been reported at moderate resolution and refinement (Abdel-Meguid, S. S., el al, [I987] ElssJJaiL 
Areri Set. USA M, 6434) Human growth hormone's receptor and antibody epitopes have been identified by 
homotog-scanning mutagenesis (Cunningham ef al., Science 212; 1330. 1989). The structure of novel amino terminal 
methtonyl bovine growth hormone containing a spliced-in sequence of human growth hormone including histid.ne 1 8 
and histjdine 21 has been shown (U.S. Patent 4,880,910) 

Human growth hormone (hGH) causes a variety of physiological and metabolic effects in various animal 
models induding linear bone growth, lactatton, activation of macrophages. insuWike and diabetogente effects and 
others (R K. Chawla et al., Anna. Rev. Med. 34. 519 (1983); 0. G. P. baksson ef a/.. Amu. Rev. Physiol. 47. 483 
(1985)- C K. Edwards et al., Science 239. 769 (1988); M. 0. Thorner and M. L. Vance, J. Clin. Invest. 82, 745 
(1 988); J. P. Hughes and H. G. Friesen. Ann. Rev. Physiol. 47. 469 (1985)). These biological effects derive from 
the interaction between hGH and specific cellular receptors.. 

Accordingly, it is an object of this invention to provide a rapid and effective method for the systematic 
preparation of candidate binding substances. 
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It is another object o. this Mention to prepare candidate Ending substances dismayed on surface of a 
phagemid particle that are conformationally stable. 

„ is another object of this invention to prepare candle tending substances c*mpns,ng fuaon protons 
of a phage coat protein and a he,ero«ogous polypeptide .here the por*ept*e is greater than 100 ami- adds, 

^ ^a ^ect of this taction to pro.de a method tor the preparation and selection of binding 
substances that is sutfidentiy versatile to present, or dismay, all peptkfy. moieties that couk, potentiaily 
participate in a noncovalent binding interacts, and to present these moie.es In a fasrton mat is stencally 

1 ° ^ Stil. another oteect of the invention is the production of growth hormone variants that exhitet stronger 
affinity for growth hormone receptor and binding protein. 

,» is yet another object of this invention to produce expression vector phagemids that contain a 
suppress termination codon functionally touted between me heterologous polypeptide and the phage coat 
i 5 protein sue. that detectable fuaon protein is produced in a host suppressor ctf and only the heterologous 
polypeptide is produced in a non-suppressor host cell. 

F.nally it is an object of this invention to produce a phagemW particle that rarely displays more than one 
copy of candidate Ending proteins on the outer surface o, the phagemid part** so that effident selects of high 

affinity binding proteins can be achieved. 

These and other objects of this invention wiH be apparent from consideration of the ,nventK>n as a whole. 

SUMMARY OF THE INVENTION 
These objectives have been achieved by providing a method for selecting novel tending polypeptkies 
comprising: (a) constructing a expresston vector comprising a first gene encoding a polypept.de. a 

second gene encoding at least a portion of a natural or wi W -«ype phage coat protein wherein the first and second 
25 genes are heterologous, and a transcripts regulatory element operatey linked to me first and second genes. 

thereby forming a gene fusion encoding a fuaon protein; (b) mutating the vector at one or more se.ee ed portions 
within the first gene thereby forming a family of related ^asmids; (c) transforming suitatee host cells w,th me 
plasmids- (d) infecting the transformed host cells with a helper phage having a gene encoding the phage coat 
protein- (e) cultunng me transformed infected host cells under conditions suitatee for forming recomtenant 
30 phagemid partes containing a* .east a portion of me pfcsmid and capatee of transforming the host, me 

conditions adjusted so mat no more than a minor amount of phagemid particles display more than one copy of the 
taion protein on the surface of the partide; (0 contacting me phagemid partic.es rift a target molecule so that 
at teast a portion of the phagem* partides tend to me target mo.ecu.e; and (g) separating the phagem.d 
partides that bind from those mat do not Preferatey. the method further comprises transforming su,table ost 
cells with recomtenant phagemid partides that tend to me target molecule and repeating steps (d) through (g) 
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Additionally, the method for selecting novel tending proteins where the proteins are composed of more 
man one subunit is acheved by setecting nov* tending peptkJes coming constructing a repKcatee express^ 
vector coming a transcription regufctory etement operatey linked to DNA encoding a protein of interest 
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20 tr»p«,pt*n.ar«laMne^s^ ,^„ M6d 
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surface e-oKlnase, arepMOna*. h*nan P^a a*aw (. PA), P-.es". * 

m^nan-inNMingsubsBnce, ^ l fi*»*»*^^'^^"* u 
30 or grow* tocws; Meg*. ^KpcMr, pre* A or D, rheumatoid factors. ner»e r,c«* M» such a 

tk , bLI M -n. Ins** «~» •» »*• I— • CM ' DNa!C ' "™ ""f" 

^s^asintede^-t.,. a^^»^ 

,00 a*. acid residues and »,l * towed » *m> a (War* riojd seconder, smxtures Wn, a plur*» 
„ a.™ adds capat* .1 Mere*, with th, tan*. Pr*-* iie first gene win be nutated a. -dons 
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secondary structures be preserved. 

No™a.».^m e thodo,«in«n K »,».em|«»ahelpe,^ selected Irom. M,3K07.Mt3R4M, 

M13-VCS, and m X ,74. T* p«W hetpe, pn*e is M,3K07. and M pre*"* c»a. pro*" «- «,3 
Pr^ltlttatprolern. T»******L<*.«**~****<**'<' E.C* Novel hGH 

r^^ccLnas^^-^cod.^^^n^e^c^e^n, 

the polypeptide and the phage coat protein. 

BRIEF DESCRIPTION OF THE FIGURES 
FIGURE 1. Strategy tor crying targe proteins on the surface o« filamentous phage and ending .or 
altered receptor binding proper**. A piasmid. phGH-M13glll was constructed that .uses the entire cod^g 
sequent o» hGH to the carboxy. termina. domain o. M13 gene «... Transcription o. the fusion prote,n ,s under 
Tntro. of the tec ^omoter/operator sequent, and 

particles are produced by infectton wi* f. 'helper c*age. M13K07. and partic.es dismaying hGHcan be 
.rich* by ending to an affinity matrix containing the hGH receptor. The vrf.d-type gene ... (denved from to 
M13K07pLge)i^ 

(denved from the phagemid. phGH- M 13gl.l) is indicted schematically by the fo.ding dtegram o. hGH re^aang 
the arrow head.^ ^ |M ^ - ^^ p ^^„ hm Phagemid 
partes purified in a cesium chto.de gradient were toaded into du^icate wells and etectrophoresec .trough a 1% 
agarose gel in 375 mM Tris. 40 mM glycine P H 9.6 buffer. The gel was soaked in transfer buffer (25 m M Tns, pH 
8 3 200 mM cfcdne, 20% methano.) containing 2% SDS and 2% P -mercaptc««hano. for 2 hours, then nnsed ,n 
transfer buffer for 6 hours. The proteins in the gel were then electrobtotted onto immoNon membranes 
(Millipore). The membrane containing one «*u^~*^™c^™*^*»^« 
the phage proteins (A). The duplicate membrane was *nmuno-stained for hGH by rearing the membrane w,th 
polydona. rabfct anti-hGH antibodies foltowed by reaction with horseradish peroxidase coated goat 
.bbitfcGantitxxiies^^^ 

stained membrane, sines it tecks hGH. lanes 2 and 3 contain separate preparations of the hormone phagem.d 
^^^^C.o^mi^^H^ Thedifference-.m^rattondistanc* 
between the parent M13K07 phage and hormone phagemid partc.es reflects the different *. genomes that are 
packaged within (8.7 kb vs. 5.1 kb, respectively). 

FIGURE 3. Summary digram of steps in the setection process tor an hGH-phage library random^ at 
codons172 174. 176. and 178. The template motecu.es. P H041 5. containing a unk,ue Kpn. restriction ^te and the 
hGH(R178G..179T) gene was mutagenic as described in the text and etectrotransformed into £. co/, s«ra,n 
WJM101 to obtain the initial phagem* library. Ubrary 1. An a.K,uot (approximate* ») «om U*ary 1 was use 
directly in an initial setection round as described in the text to yield Ubrary 1G. Meanwfule. doubte-strancted DNA 
(dsDNA) was prepared from Ubrary I. digested with restriction enzyme Kpn. to eliminate tem^ate background, 
and etectrotransformed into WJM101 to yield Library 2. Subsequent rounds of selection (or Kpn. digestion, 
shaded boxes) followed by phagemkJ pmtfon were carried out as indicted by me arrows, according to me 
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oonesoonding to me UGH mutant (GH 174 Ser. Phe 176 Tyt). 

FIGURE 4 MM model of UGH derived front a 2.8 A .0*, mm of I— 9«-> **» 

reduction^), a lour- to tenfold reductoon (•), or increase^), 

,0 ^^W^«»*>^*»- ^m.ff^n.^on.e.s. 
FIGURES. »niilmaddsul>s8lulloiisalpo!«onsl72,l7».™ana"»oi 

KSYR deno,esl,GHm XlWlWWm^lM*'^'^ - ^*"™" 1 

(* 20 "°< coires <» 0 ™'° r lwoH 0457»,| a minanl.«*lclidomMesthethiid- 

rU corresponds lo »*Uh» KG rkhaoe (hGH KEFR The pM045 _ 

•»* roundaw^lectedrxotol^^^ ., 
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FIGURE 6. Se^s»P^»Wed OTh PRU^In«I»^» ,!l '*- TW ~ B ™' S 

deserves. ^X^se^^ofr^.e.^se^sa^ar-^. ~ 
FIGURES. 8 1 «^I«I^^»^^™^"" ,I ~* - ^, 

O-w-.-W-i--!*'* TNs.e^^cassem^-dd 
muagenes* 0, pS0, 3 2. rttt PBR322 and « W ns of and 



15 



ru 



excesses an hGH-gene I.. fusfcn protein (hGH rescues M.1 , WOwed by a sinote G.y fused ^8 

ofc^nel.Ourxterthecont^ 
P 5'-GGC-AGC-TGT-GGC-TI£JAfi^AGT-GGC-GGC-GGC-TCT-GGT-3^ which introduced a 2* s.te 

(underlined) and an amber stop codon (TAG) following Phe-191 of hGH. 
5 FIGURE 10. A. Diagram of plasmid pDH188 insert contairtng the DNA encoding the I'tftt cha.n and 

heavy chain (variable and constant domain 1) of the Fab humanized antibody directed to the HER-2 receptor. V L 

kappa Kght chain. CH1 0 ,lil.«Weon«^«li«hu»«.g««n.1cl-n. Both coding regions start w,th 
the bacteria, st I. tfgn* sequence. B. A schematic diagram of me entire piasma pDH188 containing the insert 
1 0 described in 5A. After transform^ of the *asmid .to E «*/ SR101 celis and the addition of helper ptage 
me >asmid is packaged into phagefarfc.es. Some of these parfc.es dispfcy the F ab -P » **» <^re p ... , 
^ protein encoded by the M1 3 gene ... DNA). The segments in the ptosmkJ figure correspond to the insert shown 
in 5A 

TOUREIIAthroughCarec^le^ The nucteotide (Seq. ID No. «) 

sequence of the DNA encoding the 4D5 F a b ro°J ecu ' e expressed on the phagemid surface. The amino acid sequence 

ofther^tchainisatsoshov^ 
AC 

N0 ^' FIGURE 12. Enrichment of wild-type 4D5 F ab phagemid from variant F ab phagemid. Mixtures of wild- 
type phagemid and variant 4D5 F ab phagemtf in a ratio of 1:1.000 were selected on 0a.es coated with the extra- 
20 cellular domain protein of the HER-2 receptor. After each round of selection, a porfc, of the eluted phagem.d 
were infected into E. co//and pfcsmid DNA was prepared. This pfcsmid DNA was then digested with Eco RV and 
Ml separated on a 5% poryacrytom^^ The bands were dualized under 

UV light The bands due to the wild-type and variant plasmids are marked with arrows. The first round of 
selection was eluted only under ackl condifcns; subsequent rounds v*re eluted with either an acid e.ution (left 
25 side of Rgure) or with a humanized 4D5 antibody wash step prior to ac« elution (right side of Figure) using 
methods described fcExampte V.... Three variant 4D5 F ab motecJes were made: H9iA(aminoack j his.idinea. 
position 91 on the V L chain mutated to alanine; indicated as W lanes in Rgure), Y49A (amino acid tyrosine at 
potion 49 on the V L chain mutated to a.anine; indeed as V lanes in the Fgure), and Y92A (amino add tyrosine 
at position 92 on the V L chain mutated to alanine; indicated as V tones in the Fgure). Amino acd pos-fcn 
30 numbering is according to Kabat et ^Sequences of proteins of immunotogtal interest, 4th ed., U.S. Dept of 
Health and Human Services. Pubfc Health Service. Natl Institute of Health, Bethesda. MD [1987]). 

FIGURE 13. The Scatchard analysis of the RIA affinity determination described in Experimental 
Protocols shownhere-M 

that is bound divided by the amount mat is free is shown on the y-axis. The stope of the «ne indicates the the 
35 calculated Kd is 1/Ka- 



DETAILED DESCRIPTION OF THE INVENTION 

The Mowing discussion wi.l be best understood by referring „ Rgure 1 . In its simplest «orm. the 
method of the instant invent comprises a method for selecting novel Ending potypeptkles. such as prole, 
Ugands having a desired, usua»y high, affinity for a target motecule from a library of structural,, rented t»nd,ng 
polypeptides. The library of structurally related polypeptides, fused to a phage coat protein, is produced by 
mutagens and. prefer**, a single copy of ea* rented polypeptkte Is clayed c, the surface of a ^ 
partide containing DNA encoding that polypeptide. These phagemid particles are then contacted «Hh a targe 
mo.ecule and those par*** having the highest affinity for the target are separated from those of lower affm.ty. 
The rtgh affinity binders are then amplified by Section of a bacterid host and the compete Knding step « 
repeated. This process is reiterated until polypeptides of the desired affinity are obtained. 

The novel binding polypeptides or .fcands produced by the method of this invention are useful per se as 
diagnoses or therapeutics ( eg. agonists or antagonists) used in treatment of Kotogica. organisms. Structural 
analysis of the setected polypeptides may also be used to facilitate rational drug desgn. 

By ending polypeptide" as used herein is meant any polypeptide that binds with a selectable affin.ty to 
a target molecule. Preferably the polypeptide will be a protein that most preferably contains more than about 
100 amino acid residues. Typically me polypeptWe will be a hormone or an antibody or a fragment thereof . 
By -high affinity as used herein is meant an affinity constant (Kd ) of <10"5 M and preferably 

under physiological conditions. 

By -target motecule" as used herein is meant any molecule, not necessarily a protein, for wheh ,t ,s 
desire to produce a ligand. Preferably, however, the target wil. be a protein and most preferably me targe, 
will be a receptor, such as a hormone receptor. 

By 'humanized antibody- as used herein is meant an antibody in which the complementanty^etermin-ng 
regtons (CDRs) of a mouse or other non-human antibody are grafted onto a human antibody framework. By human 
antibody framework is meant the entire human antibody excluding the CDRs. 

I ftfr^ ft f Pmvpenft frft ™*P lav 00 ***** rf 8 Phfl* 

The first step in the method of this invention is to choose a polypeptide having rigid secondary 

structure exposed to the surface of the polypeptide for display on the surface of a phage. 

By -polypeptkJe- as used herein is meant any motecute whose expression can be directed by a speafic 
DNA sequence. The polypeptides of this invention may comprise more man one subunit. where each subun,t . 

encoded by a separate DNA sequence. 

By -rigid secondary structure" as used herein is meant any polypeptide segment exhibiting a regular 
repeated structure such as is found in; a-he.ices. 3 10 helices, n-helices, parallel and antiparalle. fi-sheets. and 
reverse turns. Certain -reordered- structures that .ack recognizabte geometric order are also included .n the 
definition of rigid secondary structure provkled they form a domain or -patch' of amino add rescues capabte of 
i interaction with a target and that me overall shape of the structure is not destroyed by replacement of an am,no 
acid within me structure . It is believed mat some non-ordered structures are combinations of reverse turns. The 
geometry of these rtgU secondary structures is well defined by ♦ and V torsional angles about the a-carbons of 
the peptide 'backbone". 
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The reo-men, thai the secondary structure be exposed to the surface of the po^^ » 

rzc^rjrr:.:: . — -•— 

The cycles phase- section are repeated una the desired Ml P««*» °< « ' 

Ls,67 ,71 mandm^eWmktseleaed. ,„ a (hMcyctehGHam™^ 10.14.18^ «. 

H*>„^i mm ar»v»Kcy«maytelncoiT»^^ 
nrooemid selected. Optimum amrei aad changesltom a previous cyoei»a, >~ 

^.^ratedintoWhGHKMlhephac^dselecWothGHam™ 

the polypeptide will oo, t. sec—, tinKed ahd ma, res* on «eren, subur«s .1 the r*lypep»*. That ,s. 
" — — - » -~ ' -* ' ~" 8 ^ " ? TaZl 

5 ^ s»^ - - — - - - — * w 50 - 7 '1 « 

Z KhO-t ,. sW* m«ya,e its bit*, . th. hGH-bindina pi* 

,46S M Thus reiser*- *s su«e tor roasts .* **de residues m. ,74, ,76. and 
™t»u,i a. ,*i as residue 64 located in a worter^ 

MOT ^an,pc,yp,p^«^».W'^^ ! 
rtM d*s Preterredpc^^desare^se^,^^^*. 

lactam- a aasminogai acMo,, such as urokinase or human tissue-type plaiwn a*— 
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sen™ albumin sue* as human serum albumin; m JteriarvinNbiting substance; refcxin A«hain; relaxin B«ha>n; 
prorelaxin; mouse gonadotropn-associated peptide; a nfertirt pnttn. such as betalactamase; tissue .actor 
protein- inhibin; activin; vascutar endothelial growth factor; receptors for hormones or grow* factors; integnn; 
thrombopoietin; protein A or D; rheumatoid factors; nerve growth factor such as NOP*; ptateleWJerived growth 
factor- fibroblast growth factor such as aFGF and bFGF; epidermal growth factor; transforming growth factor 
(TGF) such as TGF-alpha and TGF-beta; insulin-like growth factor-l and -II; insulin-like growth factor b.nd.ng 
proteins- CD-4; DNase; latency associated peptide; erythropoietin; osteoinductive factors; an interferon such as 
in.erferon-a.pha, -beta, and -gamma; colony stimulating factors (CSFs), e.g.. M-CSF. GM-CSF, and G-CSF; 
inteneukhs (.Ls). e.g.. IL-1. IL-2, IL-3. IIM, etc; superoxide dismutase; decay aerating factor; atna. 
r*triuretic peptides A. B or C; vira. antigen such as. for exampie. a portion of the HIV envetope; «nmunog to bul,ns; 
and fragments of any of the above-listed polypeptides. »n addition, one or more predetermined amino acd 
residues on the polypeptide may be substituted, inserted, or deleted, for example, to produce products w,th 
improved biological properties. Further, fragments of these polypeptides, especially btologteally active 
fragments, are included. Yet more preferred polypeptides of this invention are human growth hormone . and 
atrial naturetic peptides A. B, and C. endotoxin, subtilisin. trypsin and other serine proteases. 

Still more preferred are polypeptide hormones that can be defined as any amino acid sequence produced 
in a first cell that tends specifically to a receptor on the same cell type (autocrine hormones) or a second cell type 
(non-autocrine) and causes a physiological response characterise of the receptor-bearing cell. Among such 
polypeptide hormones are cytokines, lymphoids, neurotrophic hormones and adenohypophysea. peptide 
hormones such as growth hormone, prolactin, pfceenta- lactogen, luteinizing hormone, formulating hormone, 
thyrotropin, chorionic gonadotropin, corticotropin, a or p-me.anocyte-stimu.ating hormone. fMipotropm. y- 
lipo tropin and the endorphins; hypothalmic release-inhibiting hormones such as corticotropn-release factor, 
growm hormone release-inhibiting hormone, growth hormone-release factor; and other polypeptide hormones such 
as atrial natriuretic peptides A, B or C. 

25 g. nrcp iP 1 ^ a flr* get* (fier* D encoding U ffrslrfrt privpwUde 

The gene encoding the desired polypeptkle (i.e.. a polypeptkle with a rigid secondary structure) can be 
obtained by methods known in the art (see general*. Sambrook etal. . Molf fl llnr BiOl^HV A I atfflffltorv Manual . 
Cold Spring Harbor Press. Cold Spring Harbor. New York 11989]). If the sequence of the gene is known, the 
DNA encoding the gene may be chemically synthesized (Merrfield, ,| ftm Chem . SM- K 2149 [1963]). Hthe 
sequence of the gene is not known, or if the gene has not previously been isolated, it may be cloned from a cDNA 
iibrary (made from RNA obtained from a suitable tissue in which the desired gene is expressed) or from a su-table 
genomic DNA library. The gene is then isolated using an appropriate probe. For cDNA libraries, suitable probes 
include monoclonal or polyclonal antibodfes (provided that the cDNA library is an expresston ..brary). 
oligonucteotides, and complementary or homologous cDNAs or fragments thereof. The probes that may be used to 
isolate the gene of interest from genomfc DNA libraries include cDNAs or fragments thereof that encode the same 
or a similar gene, homologous genomic DNAs or DNA fragments, and ol^nucleotides. Screening the cDNA or 
genomic library with the setected probe is conducted using standard procedures as described in chapters 10-12 
of Sambrook etai t supra. 



20 



30 



35 



# 



12 



An alternative means to isolating the gene encoding the protein of interest is to use polymerase cha.n 
reaction methodoiogy (PGR) as described in section 14 of Sambrook « a/., supra. Trts method requires the use 
of oiigonucleotides that wi,l hybridize to the gene of interest; thus, at least some of the DNA sequence for ft. 
gene must be known in order to generate the oligonucleotides. 
5 After the gene has been isolated, it may be inserted into a suitabie vector (preferably a plasmid) for 

amplification, as described generally in Sambrook ef a/., supra. 
& ^ ^ f jtmrtinn RM fflffitf*' F^rpw-sslon Vectors 

While several types of vectors are available and may be used to practice this invention, plasm* vectors 
are the preferred vectors for use herein, as they may be constructed with relative ease, and can be readily 
1 o ampHed. Plasmid vectors generally contain a variety of components include promoters, signal sequences, 
phenotypic selection genes, origin of iaptication sites, and other necessary components as are known to those of 
ordinary skill in the art. 

n Promoters most commonly used in prrtayofic vectors include the lac Z promoter system, the alkahne 

5 phosphatase pifi A promoter, the bacteriophage XPlpromdter^ temperature sensitive promoter), the lac 

2 1 5 promoter (a hybrid M promoter that is regulated by the lac repressor), me tryptophan promoter, and the 

VJ bacteriophage T7 promoter. For general descripfens of promoters, see section 17 of Sambrook et a/, supra . 

(0 While these are the most commonly used promoters, other sufcSte microbial promoters may be used as well. 

Preferred promoters for practicing this inverts are those that can be tightly regulated such that 
expression of the fusion gene can be controlled. It is befeved thai the prohtem that went unrecognized in the 
20 prtor art was that display of multiple copies of the fusion protein on the surface of the phagemid particle lead to 
£ multipoint attachment of the phased m» the target It is believed this effect, referred to as the "chelate 

\l effect' results in selection of false -Kgh affW polypeptides «*en multiple copies of the fusion prote.n are 

O displayed on the phagemid particle in close proximity to one another so that the target was -chelated". When 

* multipoint attachment occurs, the effective or apparent Kd may be as high as the product of the MvUual Kds 

25 foreachcopyofftedisplayedfusionprotein. This effect may be the reason Cwirla and coworkers supra were 
unable to separate moderate affinity peptides from higher affinity peptides. 

It has been discovered that by tightly regulating expression of the fusion protein so that no more than a 
minor amount, i.e. fewer than about 1%, of the phagemid particles contain multiple copies of the fusion protein the 
•chelate effect" is overcome allowing proper selection of high affinity polypeptides. Thus, depending on the 
30 promoter, cufturing conditions of the host are adjusted to maximize the number of phagemid particles containing a 
single copy of the fusion protein and mirimize the number of phagemid particles containing multiple cop.es of the 
fusion protein. 

Preferred promoters used to practice this invention are the lac Z promoter and the pho. A promoter. 
The lac Z promoter is reguteted by the lac repressor protein lac i. and thus transcription of the fusion gene can be 
35 controlled by manipulation of the level of the lac repressor protein. By way of illustration, the phagemid conta,n,ng 
the lac Z promoter is grown in a cell strain that contains a copy of the lac i repressor gene, a repressor for the 
laczpromotor. Exemplary cell strains containing the laci gene include JM 101 and XL1 -blue, h the alternative, 
the host cell can be cotransfected with a plasmid containing both the repressor lac i and the lac Z promoter. 
Occasionally both of the above techniques are used simultaneously, that is. phagmide particles containing the lac Z 
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promoter are grown in cell strains containing the lacJ gene and the cell strains are cotransfected with a plasmid 
containing both the lac Zand lac i genes. Normally when one wishes to express a gene, to the transfected host 
above one would add an inducer such as isopropylthiogalactoside (IPTG). m the present invention however, this 
step is omitted to (a) minimize the expression of the gene III fusion protein thereby minimizing the copy number 
(i.e. the number of gene III fusions per phagemid number) and to (b) prevent poor or improper packaging of the 
phagemid caused by inducers such as IPTG even at tow concentrations. Typically, when no inducer is added, the 
number of fusion proteins per phagemid particle is about 0.1 (number of bulk fusion proteins/number of phagemid 
particles). The most preferred promoter used to practice this invention is cbtt A. This promoter is believed to be 
regulated by the level of inorganic phosphate in the cell where the phosphate acts to down-regulate the activity of 
the promoter. Thus, by depleting cells of phosphate, the activity of the promoter can be increased. The desired 
result is achieved by g/owing cells in a phosphate enriched medium such as 2YT or LB thereby controlling the 
expression of the gene III fusion. 

One other useful component of vectors used to practice this invention is a signal sequence. This sequence 
is typically located immediately 5' to the gene encoding the fusion protein, and will thus be transcribed at the amino 
terminus of the fusion protein. However, in certain cases, the signal sequence has been demonstrated to be located 
at positions other 5' to the gene encoding the protein to be secreted. This sequence targets the protein to which 
it is attached across the inner membrane of the bacterial cell. The DNA encoding the signal sequence may be 
obtained as a restriction endonuclease fragment from any gene encoding a protein that has a signal sequence. 
Suitable prokaryotic signal sequences may be obtained from genes encoding, for example, LamB or OmpF (Wong 
et al., Senfi, 68:193 [1983]), MalE, PhoA and other genes. A preferred prokaryotic signal sequence for practicing 
this invention is the £ coli heat-staWe enterotoxin II (STII) signal sequence as described by Chang et al. . fifine, 
55: 189 [1987]. 

Another useful component of the vectors used to practice this invention is phenotypic selection genes. 
Typical phenotypic selection genes are those encoding proteins that confer antibiotic resistance upon the host cell. 
Byway of illustration, the ampicillin resistance gene (amp.), and the tetracycline resistance gene (lei) are readily 

employed for this purpose. 

Construction of suitable vectors comprising the aforementioned components as well as the gene encoding 
the desired polypeptide (gene 1 ) are prepared using standard recombinant DNA procedures as described in 
Sambrook ef a/, supra. Isolated DNA fragments to be combined to form the vector are cleaved, tailored, and 
ligated together in a specific order and orientation to generate the desired vector. 

The DNA is cleaved using the appropriate restriction enzyme or enzymes in a suitable buffer. In general, 
about 0.2-1 u.g of plasmid or DNA fragments is used with about 1-2 units of the appropriate restriction enzyme 
in about 20 uJ of buffer solution. Appropriate buffers. DNA concentrations, and incubation times and 
temperatures are specified by the manufacturers of the restriction enzymes. Generally, incubation times of about 
one or two hours at 37*C are adequate, although several enzymes require higher temperatures. After incubation, 
the enzymes and other contaminants are removed by extraction of the digestion solution with a mixture of phenol 
and chloroform, and the DNA is recovered from the aqueous fraction by precipitation with ethanol. 

To ligate the DNA fragments together to form a functional vector, the ends of the DNA fragments 
must be compatible with each other. In some cases, the ends will be directly compatible after endonuclease 
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dfcestion. Howeveamayber^^ 

digests to b.unt ends to make them compare .or igtfon. To Wun, the ends, the DNA is treated in a 
buffer for at ieast 15 routes at 15X with 10 unfc of of the Ktenow fragment of DNA polymerase I (Klenow) ,n 
the presence of the four deoxynudeotide triphosphates. The DNA is then purified by phenol-chloroform 
extraction and ethanol precipitation. 

The cleaved DNA fragments may be size-separated and selected using DNA gel e.ectrophores.s. The 
DNA may be electrophoresed through erttier an agarose or a polyacryfamide matrix. The selection o. the matnx 
will depend on the size of me DNA fragments to be separated. After etectrophoresis, the DNA is extracted from 
the matrix by electrocution, or. if low-melting agarose has been used as me matrix, by melting me agarose and 
extracting the DNA from it. as described in sections 6.30-6.33 of Sambrook etai.. supra. 

The DNA fragments mat are to be ligated together (previously digested with the appropnate 
restriction enzymes such that the ends of each fragment to be ligated are compatible) are put in solutton ,n about 
equimolar amounts. The solution will also contain ATP, Hgase buffer and a ligase such as T4 DNA Itgase at about 
,0 units per 0 5 w of DNA. If the DNA fragment is to be ligated into a vector, me vector is at first lineanzed by 
cutting with the appropriate restriction endonudease(s). The linearized vector is then treated with alkatane 
phosphatase or calf intestinal phosphatase. The phosphatase prevents selHigafen o. the vector during the 
ligation step. 

After ligation, the vector with the foreign gene now inserted is transformed into a suitable host cell. 
Prokaryotes are me preferred host cells tor mis invention. Suitable prokaryot* host cells include £. col stram 
JM101 E oof K12 strain 294 (ATCC number 31.446). E. coli strain W3110 (ATCC number 27.325). E. col, 
X1776(ATCCnumber31,537). E.coli XL-1 Blue (stratagene), and E. coli B; however many other stra,ns of E. 
coli such as HB101 . NM522. NM538, NM539. and many other species and genera of prokaryotes may be used as 
well in addition to the E. coli strains listed above, bacilli such as B^iui^uMis, other enterobacterfcceae such as 
c ^nnpn, tvoHmunum or Serratm m arasans, and various SarfTO species may all be used as hosts. 

Transformation of prokaryotic cells is readily accomplished using the calcium chloride method as 
described in section 1.82 of Sambrook et at. supra. Alternatively, electroporation (Neumann etai, EMBQjL 
1-841 [1982)) may be used to transform these cells. The transformed cells are selected by growth on an 
antibiotic, commonly tetracycline (tet) or ampicillin (amp), to which they are rendered resistant due to the 
presence of tet and/or amp resistance genes on the vector. 

After selection of me transformed cells, these cells are grown in culture and the plasmid DNA (or other 
vector with me foreign gene inserted) is then isolated. Plasm*) DNA can be isolated using methods known in the 
an Two surtaUe methods are the small scale preparation of DNA and the large-scale preparation of DNA as 
described in secttons 1 25- 1 .33 of Sambrook ef a/., supra. The isolated DNA can be purified by methods known .n 
the art such as that described in section 1.40 of Sambrook etai, supra. This purified plasmid DNA .s then 
analyzed by restrcton mapping and/or DNA sequencing. DNA sequencing is generally performed by erther the 
method of Messing etai. N^eic^d^ 9309 (1981] or by the method of Maxamef a/. mi&XWL 65: 
499 [1980]. 



• # 

15 

This invention contemplates fusing the gene enclosing the desired polypeptide (gene 1) to a second gene 
(gene 2) such that a fusion protein is generated during transcription. Gene 2 is typically a coat protein gene of a 
phage, and preferably it is the phage M1 3 gene III coat protein, or a fragment thereof. Fusion of genes 1 and 2 may 
be accomplished by inserting gene 2 into a particular site on a plasmid that contains gene 1 , or by inserting gene 1 
into a particular site on a plasmid that contains gene 2. 

Insertion of a gene into a plasmid requires that the plasmid be cut at the precise location that the gene is 
to be inserted. Thus, there must be a restriction endonuclease site at this location (preferably a unique site such 
that the plasmid will only be cut at a single location during restriction endonuclease digestion). The plasmid is 
digested, phosphatases and purified as described above. The gene is then inserted into this Bnearized plasmid by 
ligating the two DNAs together. Ligation can be accomplished if the ends of the plasmid are compatible with the 
ends of the gene to be inserted. If the restriction enzymes are used to cut the plasmid and isolate the gene to be 
inserted create blunt ends or compatible sticky ends, the DNAs can be ligated together directly using a ligase 
such as bacteriophage T4 DNA ligase and incubating the mixture at 16'C tor 1-4 hours in the presence of ATP 
and ligase buffer as described in section 1 .68 of Sambrook et a/., SUE2. » the ends are not compatible, they must 
first be made blunt by using the Wenow fragment of DNA polymerase I or bacteriophage T4 DNA polymerase, 
both of which require the four deoxyribonucleotide triphosphates to fill-in overhanging single-stranded ends of 
the digested DNA. Alternatively, the ends may be blunted using a nuclease such as nuclease S1 or ming-bean 
nuclease, both of which function by cutting back the overhanging single strands of DNA. The DNA is then 
religated using a ligase as described above. In some cases, it may not be possible to blunt the ends of the gene to 
be inserted, as the reading frame of the coding region will be altered. To overcome this problem, oligonucleotide 
linkers may be used. The linkers serve as a bridge to connect the plasmid to the gene to be inserted. These linkers 
can be made synthetically as double stranded or single stranded DNA using standard methods. The linkers have 
one end that is compatible with the ends of the gene to be inserted; the linkers are first ligated to this gene using 
ligation methods described above. The other end of the linkers is designed to be compatible with the plasmid for 
ligation. In designing the linkers, care must be taken to not destroy the reading frame of the gene to be inserted 
or the reading frame of the gene contained on the plasmid. In some cases, it may be necessary to design the linkers 
such that they code for part of an amino acid, or such that they code for one or more amino acids. 

Between gene 1 and gene 2, DNA encoding a termination codon may be inserted, such termination codons 
are UAG( amber), UAA (ocher) and UGA (opel). (Microbiology, Davis et al. Harper & Row, New York, 1980, 
pages 237, 245-47 and 274). The termination codon expressed in a wild type host cell results in the synthesis of 
the gene 1 protein product without the gene 2 protein attached. However, growth in a suppressor host cell 
results in the synthesis of detectable quantities of fused protein. Such suppressor host cells contain a tRNA 
modified to insert an amino acid in the termination codon position of the mRNA thereby resulting in production of 
detectible amounts of the fusion protein. Such suppressor host cells are well known and described, such as E.coli 
suppressor strain (Bullock et al., BioTechnioues 5, 376-379 [1987]). Any acceptable method may be used to 
place such a termination codon into the mRNA encoding the fusion polypeptide. 

The suppressive codon may be inserted between the first gene encoding a polypeptide, and a second 
gene encoding at least a portion of a phage coat protein. Alternatively, the suppressive termination codori may be 



inserted adjacent to tm fusion site by rep«acing the last amino acid triplet in the polypeptide or the ftrs. ammo 
acid in me phage coat protein. When the phagemid containing the suppressive codon is grown in a suppressor 
host cell it results in the detectable production of a fusion polypeptide containing the polypeptide and the coat 
protein When the phagemid is grown h a non-suppressor host cell, the polypeptkte is synthesized substantally 
without fusion to the phage coat protein due to termination at the inserted suppressible triplet encoding UAG, 
UA* or UGA. In the non-suppressor cell the polypeptide is synthesized and secreted from the host cell due to the 
absence of the fused phage coat protein which otherwise anchored it to the host cell. 
v AJtf^"""'™"**^ "* Rpng 1 81 sptotftd Positions 

Gene 1 . encoding the desired polypeptide, may be altered at one or more selected codons. An alteration 
is defined as a substitution, deletion, or insertion of one or more codons h the gene encoding the polypeptide that 
results in a change in the amino acid sequence of the polypeptide as compared with the unaltered or native 
sequence of the same polypeptide. Preferably, the alterations will be by substitution of at least one amino acd 
with any other amino acid in one or more regions of the moleale. The alterations may be produced be a variety of 
methods known in the art These methods include but are not limited to oligonucleotide-mediated mutagenesis and 

cassette mutagenesis. 

A. ffliopmrteoHde^frrfiafc-ri Mutagenesis 

Oligonucleotide -mediated mutagenesis is preferred method for preparing substitution, deletion, and 
insertion variants of gene 1 . This technique is well known in the art as described by Zoller et al. Nucleic Acids Res. 
jfl- 6487-6504 11987). Briefly, gene 1 is altered by hybridizing an oligonucleotide encoding the desired mutation 
,o a DNA template, where the template is the single-stranded form of the plasmid containing the unaltered or 
native DNA sequence of gene 1 . After hybridizatton, a DNA polymerase is used to synthesize an entire second 
complementary strand of the template will thus incorporate the oligonucleotide primer, and will code for the 

selected alteration in gene 1 . 

Generally, oligonucleotides of at least 25 nucleotides in length are used. An optimal oligonucleotide writ 
have 12 to 15 nucleotides that are completely complementary to the template on either side of the nucleotide(s) 
coding for the mutation. This ensures that the olgonucleotide will hybridize property to the single-stranded DNA 
template molecule. The oligonucleotides are readily synthesized using techniques known in the art such as that 
described by Crea etat. ?\m Nat 1 A ™ rt Sri. USA. 75: 5765 [1978]. 

The DNA template can only be generated by those vectors that are either derived from bacteriophage 
M13 vectors (the commercially available M13mp1 8 and M13mp19 vectors are suitable), or those vectors that 
contain a single-stranded phage origin of replication as described by Vera et al. UsSlEhzMSL 153: 3 [1987). 
Thus the DNA that is to be mutated must be inserted into one of these vectors in order to generate single- 
stranded template. Production of the single-stranded template is described in sections 4.21-4.41 of Sambrook 
et al., supra. 

To alter the native DNA sequence, the oligonucleotide is hybridized to the single stranded template 
under suitable hybridization conditions. A DNA polymerizing enzyme, usually the Klenow fragment of DNA 
polymerase I, is then added to synthesize the complementary strand of the template using the oligonucleotide as a 
primer for synthesis. A heteroduptex molecule is thus formed such that one strand of DNA encodes the mutated 
form of gene 1,and the other strand (the original template) encodes the native, unaltered sequence of gene 1. 
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This heterodup.ex molecule is then transformed into a suitable host cell, usually a prokaryote such as E. Col, 
JM101. After growing me colls, they are plated onto agarose plates and screened using me oligonucleotide primer 
radiolabeled with 32-Phosphate to identify the bacterial colonies that contain the mutated DNA. 

The method described immediately above may be modified such that a homoduplex molecule is created 
wherein both strands of the plasmid contain the mutation(s). The modifications are as fellows: The single- 
stranded oligonucleotide is annealed to the single-stranded template as described above. A mixture of three 
deoxyribonucleotides. deoxyriboadenosine (dATP). deoxyriboguanosine (dGTP), and deoxyribothymidine (dTTP), 
is combined with a modified thioKJeoxyribocytosine called 0CTP-(aS) (which can be obtained from Amersham). 
This mixture is added to Ihe template^ligonudeotide complex. Upon addition of DNA polymerase to this m,xture, 
a strand of DNA identical to the template except for the muteted bases is generated, tn addition, this new strand 
of DNA will contain dCTP-(aS) instead of dCTP. which serves to protect it from restriction endonuclease 
digests. After the template strand of the double-stranded heteroduplex is nicked with an appropnate 
restrtefon enzyme, the template strand can be digested with Exo.ll nuclease or another appropriate nuclease pas. 
the region that contains the site(s) to be mutagenized. The reaction is men stopped to leave a molecule that ,s 
1 5 only partially singte-stranded. A complete double-stranded DNA homoduplex is then formed us,ng DNA 

polymerase in the presence of all four deoxyribonucleotide triphosphates. ATP. and DNA ligase. This homoduplex 
molecule can then be transformed into a suitable host cell such as E. coli JM101 . as described above. 

Mutants with more than one amino acid to be substituted may be generated in one of several ways. If me 
amino adds are located close together in the polype** chain, they may bemutated simuftaneously uang one 
olkjonucleotide that codes for all of the desired amino acid substitutions. H.ttowever. the amino acids are located 
some distance from each other (separated by more than about ten amino acids), it is more difficult to generate a 
single digonucleotide that encodes all of the desired changes. Instead, one of two alternative methods may be 
employed. 

In the first method, a separate oligonucleotide is generated for each amino acid to be substituted. The 
2 5 olfconucleotides are then annealed to the single-stranded template DNA simultaneously, and the second strand of 
DNA that is synthesized from the template will encode all of the desired amino acid substitutions. The alternative 
method involves two or more rounds of mutagenesis to produce the desired mutant The first round is as 
described for the single mutants: wiU-type DNA is used for the template, an oligonudeotkle encoding the first 
desired amino acid substitutes) is annealed to mis template, and the heteroduplex DNA molecule is then 
30 generated. The second round of mutagenesis utilizes the mutated DNA produced in the first round of 

mutagenesisasthetemplate. Thus, this template already contains one or more mutations. The oligonucleotide 
encoding the additonal desired amino acid substitution(s) is then annealed to mis template, and the resulting 
strand of DNA now encodes mutations from bom the first and second rounds of mutagenesis. This resultant DNA 
can be used as a template in a third round of mutagenesis, and so on. 
35 B. ^jy^ttP Mutagenesis 

This method is also a preferred method for preparing substitution, deletion, and insertion vanants of 
genel. The method is based on that described by Wells et a/, fifm 34:315 (19851.. The starting materelis the 
plasmid (or other vector) comprising gene 1 . me gene to be mutated. The codon(s) in gene 1 to be mutated are 
identifed. There must be a unique restricts endonuclease site on each side of me identified mutation site(s). If 



20 



18 



10 



15 



no such restriction sites exist, they may be generated using the above<tescribed o.^onucteotide^ated 
mutagenesis method to irmoduce mem at appropriate locations in gene 1. After the restriction sites have been 
introduced into me piasmid, me ptesmid is cut at these sites to Ifcearize it. A demanded oligonucleotide 
encoding the sequence of the DNA between the restriction sites but containing the desired mutation(s) is 
synthesized using standard procedures. The two strands are synthesized separate* and then hybridized 
together using standard techniques. This double-stranded o«gonucleotide is referred to as the cassette. Th,s 
cassette is designed to have v and s ends that are compatible with the ends of the linearized piasmid, such that ,t 
can be directiy ligated to the ptasmkJ. This plasmd now contains the mutated DNA sequence of gene 1 . 
vi. naming pna untitling v» ""^ 

in an alternative embodiment, this invention contemplates production of variants of a desired prote.n 
containing one or more subunte. Each subortt is typcaUy encoded by separate gene. Each gene encoding each 
subunit can be obtained by methods known in the art (see. for example. Section II). h some instances, it may be 
necessary to obtain the gene encoding the various subunits using separate techniques selected from any of the 

methods described in Section II. 

When constructing a replicable expression vector where the protein of interest contains more than one 
subunit all subunits can be regulated by the same promoter, typically located 5" to the DNA encoding the subunits. 
^ or each may be regulated by separate promoter suitably oriented in the vector so that each promoter is operably 

% ,inked to the DNA it is intended to regulate . Selection of promoters is carried out as described in Section III 

H above. 

In constructing a replicable expression vector containing DNA encoding the protein of interest having 
multiple subunits. the reader is referred to Figure 1 0 where, by way of illustration, a vector is diagrammed 
showing DNA encoding each subunit of an antibody fragment. This figure shows that, generally, one of the 
subunits of the protein of interest will be fused to a phage coat protein such as M13 gene III. This gene fusion 
generally will contain rts own signal sequence. A separate gene encodes the other subunrt or suburb, and it is 
apparent that each subunit generally has rts own signal sequence. Fkjure 10 also shows that a single promoter can 
regulate the expression of both subunits. Alternatively, each subunit may be independently regulated by a 
different promoter. The protein of interest subunit-phage coat protein fusion construct can be made as 

described in Section IV above. 

When constructing a family of variants of the desired multi-subunit protein. DNA encoding each subunit 
in the vector may mutated h one or more positions in each subunit When multi-subunit antibody variants are 
constructed, preferred sites of mutagenesis correspond to codons encoding amino acid reskJues located in the 
complementarity-determining regions (CDR) of either the light chain, the heavy chain, or both chains. The CDRs 
are commorty referred to as the hypervariable regtons. Methods for mutagenizing DNA encoding each subumt of 
the protein of interest are conducted essentially as described in Section V above. 
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vii preparing a Tary' w^rte and Rlnrilnn wtth PttaqemM 

Target proteins, such as receptors, may be isolated from natural sources or prepared by recombnant 
methods by procedures known in the art. By way of illustration, glycoprotein hormone receptors may be prepared 
by the technique described by McFarland etal.. Seisms 245:494-499 (1989]. nonglycosylated forms expressed 
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in £ coli are described by Fun et al. J . Biol . Chem 265 .3111-3115 (1 990] Other receptors can be prepared by 

standard methods. ^mirin 

The purified target protein may be attached to a suitable matrix such as agarose beads, acrytamde 

beads gtassbeads.celMose.varous^^ 

po,ymemac*ic coders, n^on. neutral and Mc^rtU* 
ILaybeacco*^ 

^ ^ After attachment of the target protein to me matrix, the immobilized target is contacted with the 
Hbrary of phagemid par*** under conditions s^e for binding o. at .east a portion of the phagemid pa^s 
with the immo^ed target. Normally, the conditions, induding pH. ton* strength, temperature and the ...e w,ll 

mimic physiological conditions. 

Bound phagemid partic.es (-binders") having high affinity tor the immobilized target are separated 
from those ha.ng a low affinity (and thus do not *nd to me target) by washing. Binders may be dissociated 
from the immobilized target by a variety of methods. These methods todude compel dissodation usng the 
wild-type ligand. altering pH and/or ionic strength, and methods known in the art. 

SuilaWe host cells are infected with the tenders and helper phage, and me host cells are cultured under 
conditio suitabte for amotion of the phagemid partc.es. The phagem* partides are then collected and the 
selection process is repeated one or more times until ttnders having the deared affinity for the target motecule 
are selected. 

Optionally the library of phagemid particles may be sequentially contacted with more than one 
immobilized target to improve selectivity for a partcu.ar target. For exam*. « is often the case that a Hgand 
suchashGHhasmorethanonenaturalreceptor. In the case of hGH, both the growth hormone receptor and the 
pectin receptor and the hGH l*and. tt may be desrabto to improve the selectivity of hGH for the growth 
hormone receptor over the prolan receptor. This can » ■^*™'^*^ P ^ fc| 
particles with immoMized prolactin receptor, eluting those with a low affinity (i.e. tower than w,ld type hGH) for 
the prolactin receptor and then contacting me low affinity prolactin -binders" or non-binders w,th the 
immot« growth hormone receptor, and seating for high affinity growth hormone receptor Anders, In «h,s 
case an hGH mutant having a tower affinity for the prolactin receptor would have therapeutc utility even the 
affinity for the growth hormone receptor were somewhat tower than that of wild type hGH. TMs same strategy 
may be employed to improve selects of a particular hormone or protein for its primary function receptor over 

its clearance receptor. . , . ,< 

in another embodiment of this invention, an improved substrate amino acid sequence can be obtaned. 
These may be useful for making better 'cut sites' for protein linkers, or for better protease 
substrates^tors. disembodiment «. ImmoHUbl. motoa* (•« HOH^plor. Mo""^* 
35 *^«^^^*nW*™*1~n*»+***"- Thelinker^lpreferaWy^froma 
to 10am.no adds in iength and wil. act ..^l^.p^. Aph^M-l-eon^-^ 
above where the DNAencoding the linker region tw^n^*^***^^**^ 
partides with different amino ackJ sequences at the linking site. The library of phagemid partides are men 
immoWized on a matrix and exposed to a desired protease. Phagemid parfc.es hasnng preferred or better 
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substrate amino acid sequences in me .iner region for the desired protease wi« be eluted. first producing an 
more tones to produce an eoi*ed poo. of partes encodng con*nse sequence(s) (see examptos X... and X.V). 

viii finrrtf ""W Yartftnffi and ****** rt 

The cloned gene tor hGH has been expressed in a seaeted form * C2la (Chang, c. N>. « a/. . 

(1987) fim 55.189) and its DNA and amino add sequen* has been reported (Go*de.. et a/. 
Ulay ^n^besnove^Hva^ts^u^ 
phagemwselecbonmemxjs. Human growth hormone variants coring substtutionsa.po.bons 10,14. 18. 21, 
Z 171 172 174.175, .76.178 and 179 have been described. Those having higher binding aft*, are 
, desaibedinTabtesViUIHandXIV. The amino add romenclatixe tor describing the variants is shewn below. 
Growmhor^ variant, may be ao^^ 

growth hormone variant o, the present fcvention may be expressed in arry recombir^t system wh,ch ,s capa^ 

expressing native or met hGH. . . 

Therapeutic formulations o. hGH for therapeutic administration are prepared for storage by m.x,ng 

5 hGH having the desired degree of purity with optiona. physio.ogica.ly acceptable carriers, excipients. or 
stagers (nrminnron', Ph.rniare. ,tir,l ^nces. ism edition, osot. ^. Ed.. (isso>.. in me fonn ^ 
cake or aqueous soluttons. Acceptabfc carrers. extents or stagers are nontox,c to recants at the dosage 
and concntrattons «nptoyed, and *dude buffers such as phosphate, dtrate. and other organic adds; ant— 
including ascorfcc acid; tow motoo* we*ht (less than about 10 resdues) po.ypeptides; proteins, such as serum 

■0 albumin, gelatin, or immunogtob^s; hydrops pdymers such as ^nyfpyrrol^one; amino acids such anyone, 
giutamine, asparagine, arginine, or .yane; mor»saccharides, disac^ 

sugar a.cohots such as mannito. or sort».o.; satt-forming counterions such as sodium; and/or nontomc surfactants 
such as Tween, Pluronics or polyethylene glycol (PEG). Formulations of the present invention may additionally 

25 contain a ^rmacsui*a..y accepts buffer, amino acid, bulfcr* agent and/or non-ione surfactant. These 

for exampte. buffers, cheating agent,, antioxidants, preservatives. events, and the liRe; spedfic examples o, 
these could include, trimethylamaine salts (Tris buffer-), and disodium edetate. The phagemids of me present 
invention may be used to produce quantities of the hGH varants free of me phage protein. To express hGH 
variants free of the gene III portion of the fusion. pS0643 and derivatives can simp.y be grown m a non- 

30 suppressorstrainsuchasl^. In this case, the amber codon (TAG) leads to termination of translation, wrfiich 
Z ^ hormone>thout the need for an independent DNA 

host and may be isolated from the culture medium. r«. P tox*^ 

0 *orm«oll«^WH^^F10.M14.H1B.H21.mS7.W7U175rtl17B« V b^ 

by any amino add other man the or* found * that poatton * ^ 
35 3 4 5 6 7 orallBoftheir***^^ 

by any oi me other 19 amino adds out of the 20 amino adds Usted below. In a preferred embodiment, at. e,ght 
listed amino adds are recced by another amino add. The most preferred eight amino adds to be substituted are 
indicated in Table XIV in Exampte XII. 
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Amino add rwnendature. 

Ala (A) 
Arg (R) 
Asn (N) 
Asp (D) 
Cys (C) 
Gin (Q) 
Glu (E) 
Gly (G) 
His (H) 
lie (I) 

Leu (L) 

Lys (K) 

Met (M) 

Phe (F) 

Pro (P) 

Ser (S) 

Thr (T) 

Trp (W) 

Tyr (Y) 

Val (V) 

The one letter hGH variant nomenclature first gives the hGH amino acid deleted, for example glutamate 179; then 
the amino acid inserted; for example, serine; resulting in (E1795S). 

EXAMPLES 

Without further description, it is believed that one of ordinary skill in the art can, using the preceding 
description and illustrative examples, make and utilize the present invention to the fullest extent. The follow 
working examples therefore specifically point out preferred embodiments of the present invention, and are not to 
be construed as limiting in any way of the remainder of the disclosure. 

EXAMPLE I 

Ptasmld Constructions and Preparation of hGH-phagemld Particles 
The pfcsmid phGH-M13g«ll (ft- D, was constructed from M13K077 and me hGH produdng pfcsmid. 
DB0473 (Cunningham. B.C., «*. 2^.243:1330-1336. P» A^fco^nucteotide 5--AGC- 
TGT-GGC-TTC-fififi^-TTA^CA-m-MT-GCG^TA^^SBrto introduce a unique Apal 
restriction site (underlined) into P B0473 after the final P^^°" °« J0H T*e oligonudeotide ff-TTC- 
ACA-AAC-GAA-^G^CTA-ATT-AAA-GCC-AGA-3^asVd to introduce a unique Apal restnction s.te 
(underlined), and a G.ul97-to-amber stop codon (bold lett^^MlJKOJ gene HI. The oligonudeobde 5"- 
CAA-TAA-TAA-CGG-fiCJ^-CAA-AAG-MC-TGG^introduces a unique Nhe\ site (underlined) after the 
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3- end of me gene III coding sequence. The resulting 650 base pair (bp) **NM fragment from the doubly 
mutated M13K07 gene HI was doned into me targe Apal-Nr*. fragment of pB0473 to create the plasm*. 
PS0132 This fuses the carboxy. terminus of hGH (Ph.191) to the Pro198 residue of the gene ... protein «th the 
insertion of a glycine residue encoded from me Apal site and places the fusion protein under contro. of the £. col, 
alkaline ffcosphatase (P*>A) promoter and stil secretion signal sequence (Chang. C. N.. et a/. . fifiDfi. 55:189-196. 
(,9871) For inducible expression of the fusion protein in rich media, we replaced the pnoA promoter with the lac 
. promoter and operator. A 138 bp EcoRl-Xba. fragment containing the tec promoter, operator, and Cap Ending 
site was produced by PCR of ptesmid^ <*fi*JH> 
CACGACAfiMTIGC^ 

tec sequences and introduce the EcoRI and Xbal restriction sites (underlined). This tec fragment was gel punfied 
and l*a»ed M. me terge EcoR.-X*. fragment of pS0132 to create me ptesm*. phGH-M13gUI. The sequences 
of a., taitored DNA junctions were verified by the dtfeoxy sequence method (Sanger. F., et al. fcoxJiaiL^L 
SjLiLSA 74 5463-5467. [19771). The R64A variant hGH phagemid was constructed as follows: me Nal-Bglll 
mutated fragment of hGH (Cunninghame/ al. supra ) encoding the Arg64 to Ate substitution (R64A) 
(Cunningham, B. C. Wells. J. A.. ScifiDfifi. 244:1081-1085. 119891) was doned between the corresponding 
restriction sites in the phGH-M13glll ptesmid (Fig. 1 ) to replace the wild-type hGH sequence. The R64A hGH 
phagemid particles were propagated and titered as described below for the wild-type hGH-phaaem,d. 

Plasmids were transformed into a male strain of £. of (JM101) and selected on carbenicillin plates. A 
angle transforms was grown in 2 ml 2YT medium for 4 h at 37'C and infected «nth 50 uJ of M13K07 helper 
phage The infected culture was diluted into 30 ml 2YT. grown overnight, and phagemid particles were harvested 
by prestation with polyethylene glycol <y,erra, J.. Messing. J. Method in Fnrvmolvgv . 153:3-11 . [19871). 
Typical phagemid particle titers ranged from 2 to 5 x to" cfu/ml. The partic.es were purified to homogeneity by 
CsCI density centrifugation (Day. LA ,1 EM Bio|„ 39265-277, [19691) to remove any fusion prote.n no. 
attached to virions. 

EXAMPLE II 
fcrtrxiiocherricdAnar)^ 

Rabbit polyclonal antibodtes to hGH were purified with protein A, and coated onto microtiter ptetes 
(Nunc) at a concentration of 2 pglM in 50 mM sodium carbonate buffer ( P H 10) at 4X for 16-20 hours. After 
washing in PBS containing 0.05% Tween 20, hGH or hGH-phagemid particles were serially diluted from 2.0 - 
0 002 nM in buffer A (50 mM Tris (pH 75). 50 mM Nad. 2 mM EDTA, 5 mg/m. bovine serum albumin, and 0.05% 
Tween 20) After 2 hours at room temperature (rt). me plates were washed well and the indicated Mab 
(Cunninghams, supra ) was added at 1 pg/ml in buffer A for 2 hours at rt Following washing, horseradish 
peroxidase conjugated goat an«-mouse IgG antibody was bound at rt for 1 hour. After a final wash, the 
peroxidase activity was assayed with the substrate, o^nytenediamine. 

EXAMPLE II 

Coupling of the hGH Binding Protein to PolyacrylarnWe Beads and Binding Ertlchments 
Oxirane poiyacrytemide beads (Sigma) were conjugated to the purified extracellular domain of the hGH 
receptor (hGHbp) (Fuh. G.. ef al., J BAChm, 265:31 11 -31 15 [19901) containing an extra cysteine resdue 
introduced by site-directed mutagenesis at position 237 that does not affect binding of hGH (J. Wells, 
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unwished) . The hGHbp was coated as recommended by the suppfer to a level of 1 .7 pmol hGHbp/mg dry 
oxirane bead, as measured by bindng o« [125, hGH to the resin. Subsequent*, any unreacted oxirane groups were 
blocked with BSA and Tris. As a control for non-specific binding of phagemid particles, BSA was similarly 
coupled to the beads. Buffer for adsorption and washhg contained 10 mM Tris-HC. (pH 7.5), 1 mM EDTA, 50 mM 
5 Na a 1mg/mlBSA.and0.02%Tween20. Elution buffers contained wash buffer plus 200 nM hGH or 0.2 M 
glycine (pH 2.1). Parental phage M13K07 was mixed with hGH phagemid particles at a ratio of nearly 3000:1 
(original mixture) and tumbled for 8-1 2 h with a 5 uJ aliquot (0.2 mg of aorytamide beads) of either absorbent ,n a 
50 uJ volume at room temperature. The beads were pelleted by oentrifugation and the supernate carefully 
removed The beads were resuspended in 200 uJ wash buffer and tumbled at room temperature for 4 hours 
1 o (wash 1) After a second wash (wash 2). the beads were eluted twice with 200 nM hGH for 6-10 hours each 
(eluatel eluate2). The final elution was with a glycine buffer (pH 2.1) for 4 hours to remove remaining hGH 
phagemid particles (eluate 3). Each fraction was diluted appropriately in 2YT media, mixed with fresh JM1 01, 
incubated at 37X for 5 minutes, and plated with 3 ml of 2YT soft agar on LB or LB carbenicillin plates. 

1 EXAMPLE IV 

3 1 5 Construction of hGH-phagemld Particles with a Mixture of Gene IV Products 

2 The gene III protein is composed of 410 residues divided into two domains that are separated by a 

l -I flexible linker sequence (Armstrong, J., et a/., WZISSL 135:167-172, [19811). The amino-terminal domain is 

C 0 required for attachment to the pili of E. coS, white the carboxyl-terminal domain is imbedded in the phage coat and 

E required for proper phage assembly (Crissman, J. W, Smith. G. P.. YiiaJm 132:445-455, [1984]). The signal 

2 0 sequence and amino-terminal domain of gene 111 was rep.aced with the stll signal and entire hGH gene (Chang et a/, 
supra) b yfosfontoresidue198inthecarbo^^ 
5 pfcced under control of the lac promoter/operator in a plasmid (phGH-M13glll; Rg. 1) containing the pBR322 

H p-lactamase gene and Col E1 replication origin, and the phage f 1 intergenc region. The vector can be eas,ly 

S maintained as a small plasmid vector by selection on carbenidlBn, which avoids relying on a functional gene III fus.on 

25 for propagatfon. Alternatively, the plasmid can be efficiently packaged into virions (called phagemid part.cles) by 
infectton with helper phage such as M13K07 (Vera etal.. supra ) which avoids problems of phage assembly. 
Phagemid infectivity titers based upon transduction to carbenicillin resistance in this system varied from 2-5 x 
101 'colony forming units (cfu)/ml. The titer of the M13K07 helper phage in these phagemid stocks is -10 

plaque forming units (pfu)/ml. 

30 With this system we confirmed previous studies (Parmley. Smith supra) that homogeneous expression of 

large proteins fused to gene III is deleterious to phage production (data not shown). For example, induction of the 
lac promoter in phGH-M13glll by addition of IPTG produced low phagemkJ titers. Moreover, phagemid parses 
produced by co-infection with M1 3K07 containing an amber mutation in gene III gave very low phagemid titers 
«1 0 10 cfu/ml). We believed that multiple copies of the gene III fusion attached to the phagemid surface could 

35 lead to multiple point attachment (the "chelate effect") of the fusion phage to the immobilized target protein. 
Therefore to control the fusion protein copy number we limited transcription of the hGH-gene III fusion by 
culturing the plasmid in E. col JM1 01 (laclO) which contains a constitulively high level of the lac repressor protein. 
The E coli JM101 cultures containing phGH-M13glll were best propagated and infected with M13K07 in the 
absence of the lac operon inducer (IPTG); however, this system is flexible so that compression of other gene III 
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ko Katarv^d We estimate mat about 10% of the phagemid particles contain one copy of the 
fcsonp.te.nscan*^ 

hGH gene III fusion protein from the ratio of the amount oi p» v ^ js 

which they are denved. Thus, on average every c. w« v~ r 
hGHgene III fusion protein. 

EXAMPLE V 
Structural Integrity of the hGi+gene » Fusion 

oenelllaixllheliGHgsnemiusiaipcoBins are aspbyed it l« phage pod. 
M „ OTM en« that *m *.n, s««» W*» » •» — WC ^ ""TL^, 



IC50 (nM) 

^ hGH-phagemid 



Mab 

25 : 0.4 0.4 

2 0.04 0 04 

3 0.2 0.2 

1 0.1 °- 1 

I 0.07 0.2 

? 8 0.1 0.1 



,JL 5 and6 Both MabsSandea-ehx^tohaveMxIina^t^^ 

hGH-gene HI fusion. 
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EXAMPLE VI 
Binding Enrichments on Receptor Affinity Beads 

Previous workers (Parley. Smith supra ; Scott. Smith supra; Cwirta et al. supra; and Devlin et a/, 
supra) have fractionated phage by paring with streptavidin coated polystyrene petrl dishes or microtiter pfctes. 
However, chromatographic systems would allow more efficient fractionation of phagemW partc.es displays 
mutant proteins with afferent binding affinities. We *ose non-porous oxirane beads (Sigma) to avoid trapping 
of phagem* partides in the chromatography resin. Furthermore, these beads have a small parte* aze (1 urn) to 
maximize the surface area to mass ratio. The extracellufcr domain of me hGH receptor (hGHbp) (Fuh et a/. . 
supra) contanfcg a free cysteino residue was efficiently coupled to these beads and phagemW particles showed 
very low non-specific binding to beads coupled only to bovine serum albumin (Table II). 

TABLE II. 

Specific Binding of Hormone Phage to ^p-coated 
Beads Provides an Enrichment for hGH-phage over M13KQ7 Phage 

Absorbent* Total pfu Total cfu Ratio (cfu/pfu) Enrichment§ 

— ~ ' I~~ R o w 10 11 29x 10 8 3.5 x 10" 4 (1) 

20 Origmal m,xturet "^11 \ \ x i0 8 3.8x10-4 1.1 

Supernatant BSA 7.4 x 10 *.o x iu 

Washl liliXio ?W 8.3x10- » 

25 Was„ 2 BSA 5.9X107 „,,«» 4.7X »4 3 

Eluate 1 hQHbp ^xio? 2.1x10* « «■""«» 

Efca.e^BSA 1.ax1«3 M.10» 57 

30 "G Hb P 5.5x10» 1.3x10 £.* 

Eluale 3 (pH 2.1)BSA 10 ^ 10 4 

hGHbp 3.8 x 1(P 4.0 x 10" 1U ° 
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♦The titers of M13K07 and hGH-phagemid particles in each fraction determined 
TThfratio of M13K07 to hGH-phagemid particles was adjusted to 3000:1 in the 

_ .:_tnnl mi\/f i ira 



original mixture. 
±Ah*nrbents were conjugated with BSA or hGHbp. 

§SS e nt S are S.cuiated by dividing the cfu/pfu ratio after each step by cfu/pfu 
ratio in the original mixture. ^ nnnn „ 

In a typical enrichment experiment (Table II). one part of hGH phagemid was mixed with >3.000 parts 
M13K07 phage. After one cycle of binding and elution. 1* phage were recovered and the ratio of pnagemKl to 
M13K07 phage was 2 to 1. Thus, a single binding selection step gave >5000-»old enrichment. Additional elufons 
with free hGH or acid treatment to remove remaining phagemids produced even greater enrichments. The 
enrichments are comparable to those obtained by Smith and coworkers using batch elution from coated 
polystyrene plates (Smith. G.P. supra and Parmely. Smith supra ) however much smaller volumes are used on me 
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beads (200 id vs. 6 ml). There was almost no enrichment tor the hGH phagemid over M13K07 when we used 
beads linked only to BSA. The slight enrichment observed for control beads (-10-fold lor pH 2.1 elation; Table 
2) may result from trace contaminants of bovine growth hormone binding protein present in the BSA linked to the 
bead. Nevertheless these data show the enrichments for the hGH phage depend upon the presence of the hGHbp 
on the bead suggesting binding occurs by specific interaction between hGH and the hGHbp. 

We evaluated the enrichment for wild-type hGH over a weaker binding variant of the hGH on fusion 
phagemids to further demonstrate enrichment specificity, and to link the reduction in binding affinity for the 
purified hormones to enrichment factors after panning fusion phagemids. A fusion phagemid was constructed 
with an hGH mutant in which Arg64 was substituted with Ala (R64A). The R64A variant hormone is about 20- 
fold reduced in receptor binding affinity compared to hGH (Kd values of 7.1 nM and 0.34 nM. respectively 
•Cunningham, Wells, supra ]). The titers of the R64A hGH-gene 111 fusion phagemid were comparable to those of 
wild-type hGH phagemid. After one round of binding and elution (Table 111) the wild-type hGH phagemid was 
enriched from a mixture of the two phagemids plus M13K07 by 8-fold relative to the phagemid R64A, and -10 
relative to M13K07 helper phage. 

TABLE III. hGHbp-coated Beads Select for hGH Phagemids 
Over a Weaker Binding hGH Variant Phagemid 

P-nntrol beads hfiHtt? beads 
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20 sample wrnhacemid enrichment WT phagemid f™^?.. 

P total phagirrtd forWT/R64A total phagemKl torWT/R64A 



Original mixture 8/20 0) .JJ20 ( ) q 

25 Supernatant ND - a 5 ^ 

Elution 1 (hGH) 7/20 0.8 1 7 |0 ; 

Elution 2 (pH 2.1) 11/20 1 8 21 IZf 



♦The oarent M13K07 phage, wild-type hGH phagemid and R64A phagemid particles were mixed at a rabo of 
,Se B ndina Sns wot carried out using beads linked with BSA (control beads) or wfth the hGHbp 
JSrSSSdS Scribed "nTabte Hand the Materials and Methods After each step. plasmid DNA was 

and analyzed by restrictton analysis to determine if it contained the wild-type hGH or the R64A hGH gene m 



R64A phagemids. WT - wild-type; ND = not determined. 

*The enrichment for phagemid over total M13K07 parental phage was ~10« after this step. 

Conclusions 

By displaying a mixture of wild-type gene III and the gene III fusion protein on phagemid particles one can 
assemble and propagate virions that display a large and proper folded protein as a fusion to gene III. The copy 
number of the gene III fusion protein can be effectively controlled to avoid 'chelate effects' yet maintained at high 
enough levels in the phagemkl pool to permrt panning of large epitope libraries (>10«>). We have shown that hGH 
(a 22 kD protein) can be displayed in its native folded form. Binding selections performed on receptor affinity 
beads eluted with free hGH, efficiently enriched for wild-type hGH phagemids over a mutant hGH phagemid shown 
to have reduced receptor binding affinity. Thus, it is possible to sort phagemkl particles whose binding constants 
are down in the nanomolar range. 
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Protein-protein and antibody-antigen interactions are dominated by discontinuous epitopes (Janin. J., 

etal JJflUflL 204:155-164, [1988); Argos, P., EIQLEdQ.. 2:101-113.11988); Bartow.. DJ..ef a/. , ttkm. 

322747-748. 11987); and Davies. D.R.. et al. . J JBJ Q lJih fiI ii^263:10541 -10544. [1988J); that is the residues 

directly involved in binding are close in tertiary structure but separated by residues not invorved in binding. The 

5 screening system presented here should allow one to analyze more conveniently protein-recepta interacts and 

isolate discontinuous epitopes in proteins with new and high affinity binding properties. 

EXAMPLE VII 
Selection of hGH Mutants from a Ubrary Randomized at 
hGH Codons 172, 174, 176, 178 

10 TfftnStnKlt'"" of template 

A mutant ot the hGH-gene III fusion protein was constructed using the method of KunkeL.ef al. MfittL 
Fnyvmol . 154 . 367-382 11987), Template DNA was prepared by growing the plasmid pS0132 (containing the 
natural hGH gene fused to the carboxy-terminal half of M13 gene III. under control of the alkaline phosphatase 
promoter) in CJ236 cells with M13-K07 phage added as helper. Single-stranded, uracil-containing DNA was 
1 5 prepared for mutagenesis to introduce (1 ) a mutation in hGH which would greatly reduce binding to the hGH 
binding protein (hGHbp); and (2) a unique restriction site (Kpnl) which could be used for assaying for - and 
selecting against - parental background phage. Oligonudeotic^e^^ was carried out using T7 

DNA polymerase and the following oligodeoxy-nucleotide^^ 5 
^' Gly Thr 

| 20 hGHcodon: ^ ^ ^ ^ "J 179 ^ ^ ^ 

< Kpnl > 

- This oligo introduces the Kpnl site as shown, along with mutations (R178G. I179T) in hGH. These mutations are 

tt predicted to reduce binding of hGH to hGHbp by more than 30-fokJ. Clones from the mutagenesis were screened 

5 25 by Kpnl digestion and confirmed by dideoxy DNA sequencing. The resulting construct, to be used as a template 
1= for random mutagenesis, was designated pH041 5. 

'it Random mutaoft ffi* 1 * wtthln helix4 of hGH 

Codons 172 , 174. 176, 178 were targeted for random mutagenesis in hGH. again using the method of 
Kunkel. Single-stranded temrjjte from^H0415was prepared as above and mutagenesis was carried out using 
30 the following pool of oligos:^ 

hGH codon: ^ ^ ^ ^ ^ JJ| gtc ^ ACA _ 

35 Ile 

- ^ CTG S ilC GTG CAG TGC CGC TCT GTG G-3' 

As shown this oligo pool reverts codon 179 to wild-type (Ile). destroys the unique Kpnl site of pH0415. and 
introduces random codons (NNS, where N= A.G.C. or T and S= G or C) at positions 172.174.176. and 178. Using 

40 this codon selection in the context of the above sequence, no additional Kpnl sites can be created. The chofce of the 
NNS degenerate sequence yields 32 possible codons (including one "stop" codon. and at least one codon for each 
amino acid) at 4 sites, for a total of (32)4= 1>048 ,576 possible nucleotide sequences (12% of which contain at 
least one stop codon). or (20)4= 160.000 possible polypeptide sequences plus 34.481 prematurely tempted 
sequences (i.e. sequences containing at least one stop codon). 

45 Pronaoation til the Initial library 
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The mutagenesis products were extracted twice with pherrtxhtoroform (50:50) and ethanol 
^at^thanexcsssofca^^ 
Iroporationstep.Ap^^^ 

c-wnu in 45 ul fota. vo.ume m a 0.2 cm curt* * . voltage setting of 2,9 KV with a «* pu.se (time 

^mL car*nic*.i, ar* M13-K07 W o, intern - 100* P*ting o, serfa- 
Zo carbe^Lin^ntaining media Seated that 8.2 x 10* etectrotranstormants were obtained. After 10 at 
23 o C the culture was incubated overnight (15 hours) at 37°C with shaking. 

Afterovern*ht^on.thec^^ 
PLIB1 was prepared by the atKaiine l*s method. vmwp^~W*»*^W"^"* 

Ths pH 7.6, 1 mM EDTA, 50 mM NaCI). Phage titers were measured as colony-forming units (CFU) ^ 
3 recombinant pf*gemid containing hGH^p gene ... fuson (hGH-g^) pfcsmid. and ^-forming unrts (PFU) .or 

1 5 the M13-K07 helper phage. 

CO (Phosphate-buttered saiine. 0.5% BSA, 0.05% Tween-20. 0.01% thimerosa.) and mixed with a 5 ul suspense of 

: p oxirane-poiyacrytemKie beads coupled to the hGHbp containing a Ser237 Cys mutation (350 fmo.s) in a 1.5 mL 

silated polypropytene tube. As a control, an equivalent aliquot ot phage were mixed in a separate tube with beads 
.hatha! Lncoated with BSAonl, The ^ge were a , to wed to «nd to the beads by incubating 3 hours at r«,m 
temperature (2 3 0C) with s.ow rotation (approximate* 7 RPM). Subsequent steps were carried out w„h a 

constant volume of 200ul and at room temperature. 

2 WASH- Thebeadsweres^n15sec.,arK)tr*sur J ernatantwasremoved(Su P .1). Toremove 

phage,phae,mid not specify bound, the beads were washed twic* by .suspending in buffer A, then pe.le.ng. 
A final wash consisted of rotating the beads in buffer A for 2 hours. 

3 hGH ELUTION: Phage/phagemid binding weaWy to the beads were removed by stepwise elution with 
hGH. .nthe first step, the beads were rotated v,th buffer A containing 2 nM hGH. After 17 hours the beads 
were petteted and resusperded in buffer A containing 20 nM hGH and rotated for 3 hours, then peHetedJn the 
final hGH wash, the beads were suspended in buffer A containing 200 nM hGH and rotated for 3 hours then 

Pe " eted " 4 GLYCINE ELUTION: To remove the tightest-binding pha 9 emid (i.e. those still bound after the hGH 
washes) beads were suspended in Glycine buffer (1 ^Glydne. P H 2.0 «fc HO), rotated 2 hours and pelleted. 
The supernatant (fraction -G'; 200ul) was neutralized by adding 30 ul of 1 M Tns base. 

Fraction G e.uted from the hGHbo-beads (1x10* CFU, 5 x 10* PFU) was not substantial* ennched 
for phagemid over K07 helper phage. We beiteve this resulted from the fact that K07 phage packaged during 
propagation of the recombinant phagemid display the hGH-g3p fusion. 
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«. spared * M. G exited from ttie «M —* beads. M i,GH»*ads 
« «mes as man, CWs. TKs M « - ** 

i»re(«Slcaly-tWn9tfiagen>ia. used 
5. PBOPAGATON: An a«n»t (4 3 X 10* CFU) .! MM G exited from the hGHbp*tt «as used 
5 „ »*=. ««. WJM.01 O..S. T^nscwons were caffied out by mixing l00uXfractonG«lh ml W,M 0, 

^l^asde^oeda^a.^s^^^^-G.^M^ne^n, 

TkkZ been seleaed * «*. «•* Dc^^ ON* ,plB «ft . ,so ^pd 
from this culture. 

« 5 To reduce the level of background (Kpnl + ) temp.ate. an al^uot (about 0.5 W ) of pLIB 10 was 

digested withKpn, and electroporated Into WJM101 celis. These cells were grown in the presence of K07 

(RQ ' ^ ,n addition, an aliquot (about 0.5 ng) of dsDNA from the initial library (pLIB,) was digested wi» Kpn, 

20 ar<e.ectroporatedd^^ 

M13-K07, and grown overnight to obtain a new library of phage, designated phage Library 2 (Rg. 3). 

aK£fiS n r ^m^ 

, rom bom pLIB 2 and pLIB 3 (Fig. 3) as described above, except that (1> an excess (10-fo.d over CPU) of 
lonswere^aced^^wa^sofbufferAalo.. ,so. in some case, XU^.I.s were used lor 

^ m "~:i^nofdsO NA .^ 
final round of bead-binding selection (Rg. 3). 

Four independently isolated clones from LIB 4G 4 and four independently isolated g^gj^ /Vts . 9) 
were sequer^ by dKteoxy sequencing. M e^ht ^se dor^s had Wentical DNA sequences:^ 

hG H codon: _172 174 ^ 176 ^ 178 

. lk ru /ci7A5 Fi7RY^ Residue 172 in these clones is Lys as in wild- 
Thus.alltheseer«»dethesamem U tantofhGH:(El74S.F176Y). Restfueiu 

type ThecxKtonse^tedfor^Z^soK.en^towi.d-typehGH. Wis k not sur^ng ance AAGst* on y 
^npos^e^made^rate-NNS-codonseL Rescue 178-Arg is also the same as »u1 

L^se^ed.™^^ 
40 latter codon is also possible using the "NNS" codon set. 
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£L we JL,*^^^^^"'^*^" 

the K07 multiplicity of infection is 100. 

10 TaWelV. 

»»"K07, «•.«. 



14 0.44 



UB1 1000 30 0.57 

LIB1G 1000 ND 4 Q26 

LIB 3 00 ND 018 

LIB3G ' 1 So "0 0.13 



LIB3G* JOG «» 15 ND 

LIB 5 100 

wn 1 7 < 005 
LIB 2 100 J£ ^ 

LIB 2G 10 N ° 27 0.18 



LIB 4 



15 



Phag e pools are labeHed as shown (Fig. 3). The muKip.idty of infection (moi) refers «o the muft^ty of K07 
S£ldJ~ — Tnera^ofCPUel^fromhGHhp-^soverC R^ng 
^SA^is^T*^^ 

determined by digesting dsDNA with Kpnl plus EcoRI. running the products on a 1% agarose gel, and laser- 
scanning a negative ot the ethidium bromide-stained DMA. 

aTngle "don. was isolated from two different pathways of setecton (F*. 3, suggested 
that the double mutant (E174S.F176Y) binds strongly to hGHbp. To determine the affinity of this mutantof 
hQH for hGHbp, we constructed this mutant o, hGH by seeded mutagenesis, usng a 
Icon^-WpehGHg^^ 

174 1^6 1*78 

25 hGH codon: 172 i /* 

Lys Ser Tyr Arg 

5- ATG GAC AAG GT£ ICG ACA T*C CTG CGC ATC GTG -3' 
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hormone. Scatchard analysis of competitive b,nd.ng of hGH(E174S,F176Y) versus "\ 
that the (E174S.F176Y) mutant has a binding affinity at feast 5.0-fold tighter than that of w,ld-type hGH. 
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EXAMPLE VIII 

SELECTION OF UGH VARIANTS FROM I A _ 
HEUX-4 RANDOM CASSETTE LIBRARY OF HORMONE-PHAGE 

phagemid described in figure 9. 
! 5 rasnuo pou replication and expresses an 

r::.,oi^,- = ^ 

earned, yields the Mo*** iurtfion tel.een hGHandflene Hv, 

gcSc^^TO^S & GOT CGC TCT OCT 

™, M, ft. «l *. 01 ft. Um P>o.ein tarn -0. .endues ft PS0132 .0 350 **u« * 

TO exp.es* hGH (.. -anls) M * ft. *ne « «*» - « ^ ^ rt 

ZZ.J±.mm-~ — — — 
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H 15 



is = 



? 20 

fU 

O 



«,es,. Otter reanctan *. K» cattle muBgenes* a, .the, hew « ha« also been 

the hormone -phage vector. 

nirffl^l"'° m 'nl1'« mnl ^'''"' BB '' .„.,.„ it™ alls on or 

31,72 174. 176«I17. of UGH— >» "»«»«- ^ "» " * " 

aT^AC »T6.GACNNS-GTCHNS-»CA.NNS.CT 8 .NHS.ATCM 5 T G -CAG-TGCH and 5-OA-TCT- 

^ w ^«^,»dW*«.-.«*I---'»«* Thepro^reron.n 
a^a^^a^ J^ex^.^^,^,^^. 

and resuspended for ligation with the mutagenic cassette. 

* u a,,a»c^» K -b.«^»^^** a ^ b ' WenI,, " eJAW *° ^J"? 
.nualyaucasse. a-afco 8. ate in OMS ml) in a 0* cm cuvette ala 

lmols)olDNAwaseleetroporaB<linlt.)a.l-Bluece»sii-»> 

yolBaese«ingol2.49kV>«ltiaslns|lef>ilse(llme constant . 4.7 msec). 

containing me*, Moated M 3.9 » 10' elearofransto™* were obwed^ 

After ..embh, taoUfen. W c* «» P*«- - 0N * ,dS "" l) ' 

KWMd an. MO*.* - 1 STE Me- ,10 m Tns. pH 7,. 1 « 50 ™ M NaC "' ^ 
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titers were measured as colony-forming units (CFU) for the recombinant phagemkJ containing hGH-g3p. 
Approximately 45 x 10 13 CFU were obtained from the starting library. 
Degeneracy c * the starting library 

From the pool of electrotransformants, 58 clones were sequenced m the region of the fiSlEll-Sfllil 
cassette. Of these, 17% corresponded to the starting vector, 17% contained at least one frame shift, and 7% 
contained a non-silent (non-terminating) mutation outside the four target codons. We conclude that 41% of the 
clones were defective by one of the above measures, leaving a total functional pool of 2.0 x 10 7 initial 
transformants. This number still exceeds the possible number of DNA sequences by nearly 20-fokJ. Therefore, 
we are confident of having all possible sequences represented in the starting library. 

We examined the sequences of non-selected phage to evaluate the degree of codon bias in the 
mutagenesis (Table V). The results indicated that, although some codons (and amino acids) are under- or over- 
represented relative to the random expectation, the library is extremely diverse, with no evidence of large-scale 
•sibling* degeneracy (Table VI). 

Table v. 

Codon distribution (per 188 codons) of non-selected hormone phage. Clones were sequenced from the starting 
Hb^Y (DH0529E) All codons were tabulated, including those from clones which contained spunous mutations 
SoXmS. • NoteVthe amber stop codon (TAG) is suppressed as Glu in XL1-Blue cells. H.ghhghted 

codons were over/under-represented by 50% or more. 



Leu 
Ser 
Arg 

Pro 
Thr 
Ala 
Gly 
Val 

le 

Met 

Tyr 

His 

Trp 

Phe 

Cys 

Gin 

Asn 

Lys 

Asp 

Glu 

amber* 



Number expected 

17.6 
17.6 
17.6 

11.8 
11.8 
11.8 
11.8 
11.8 

5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 

5.9 



Number found 

18 
26 
10 

16 
14 
13 
16 
4 

2 
1 
1 
2 
2 
5 
5 
7 

14 

n 

9 

6 



Found/Expected 

1.0 
1.5 
0.57 

1.4 

1.2 

1.1 

1.4 

0.3 

0.3 
0.2 
0.2 
0.3 
0.3 
0.9 
0.9 
1.2 
2.4 
1.9 
1.5 
1.0 

1.0 
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Non-selected (pH0529E) clones 
The notation, e.g. TWGS, denotes 
as Giu in XL1-Blue cells are show i 
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Table VI. 

vith an open reading frame. j . . . 

the hGH mutant 172T/174W/176G/178S. Amber (TAG) codons, translated 

ase. 



Ke NT 
TWGS 
PeER 
LPPS 
SLDP 
QQSN 
GSKT 
TPVT 
RSRA 
LCGL 
TGRL 
AKAS 
GNDD 



CVLQ 

EASL 

SSKE 

ALLL 

PSHP 

SYAP 

ASNG 

EANN 

KNAK 

SRGK 

GLDG 

NDPI 



preparation of lmmob »frrt hftHbn and hPRLbo 

Immobilized hGHbp fhGHbp-beads-) was prepared as described (Bass et al.. Etfilfiins 8, 309-314 
(1990]). except that wild-type hGHbp (Fuh et al.. J, Biol, Chem. 265, 31 1 1-3115 [1990]) was used. Competitive 
2 5 binding experiments with [ 1 25 l] hGH indicated that 58 fmols of functional hGHbp were coupled per \± of bead 
suspensioa 

Immobilized hPRLbp ('hPRLbp-beads') was prepared as above, using the 21 1 -residue extracellular 
domain of the prolactin receptor (Cunningham et al.. ScifiDCfi 250. 1709-1712 [1990]). Competitive binding 
experiments with [ 125 l] hGH in the presence of 50 zinc indicated that 2.1 fmols of functional hPRLbp were 
3 0 coupled per jxL of bead suspension. 

•Blank beads" were prepared by treating the oxirane-acrylamide beads with 0.6 M ethanolamine (pH 

9.2) for 15 hours at 4°C. 

Rinfln g selection using Immobilized hGHbo and hPRLftp 

Binding of hormone-phage to beads was carried out in one of the following buffers: Buffer A (PBS. 

35 0.5% BSA, 0.05% Tween 20, 0.01% thimerosal) for selections using hGHbp and blank beads; Buffer B (50 mM 
tris pH 7.5, 10 mM MgCfe, 0.5% BSA, 0.05% Tween 20, 100 mM ZnCl2) for selections using hPRLbp in the 
presence of zinc ( + Zn2+); or Buffer C (PBS, 05% BSA, 0.05% Tween 20. 0.01% thimerosal, 10 mM EDTA) for 
selections using hPRLbp in the absence of zinc (+ EDTA). Binding selections were carried out according to each 
of the following paths: (1) binding to blank beads, (2) binding to hGHbp-beads. (3) binding to hPRLbp-beads (+ 

40 Zn2+), (4) binding to hPRLbp-beads (+ EDTA), (5) pre-adsorbing twice with hGHbp beads then binding the 
non-adsorbed fraction to hPRLbp-beads 

(•-hGHbp, +hPRLbp- selection), or (6) pre-adsorbing twice with hPRLbp-beads then binding the non-adsorbed 
fraction to hGHbp-beads ('-hPRLbp. +hGHbp" selection). The latter two procedures are expected to enrich 
for mutants binding hPRLbp but not hGHbp, or for mutants binding hGHbp but not hPRLbp, respectively. 
4 5 Binring and elution of phage was carried out in each cycle as follows: 

1 . BINDING: An aliquot of hormone phage (typically 10 9 -10 10 CFU) was mixed with an equal amount of 
non-hormone phage (pCAT), diluted into the appropriate buffer (A, B, or C). and mixed with a 10 mL suspension 
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ofhGHbp hPRLbporblankbeactolnaloW Thephagewere 
flowed to bind to the beads by incubating 1 hour at room temperature (230 C ) with slow rotator, (approximate* 
7 RPM) Subsequent steps were carried out with a constant volume of 200ul and at room temperature. 

2 WASHES: The beads were spun 15 sec., art! the supernatant was removed. To reduce the runber of 
phage not specifically bound, the beads were washed 5 limes by resuspending briefly in the appropriate buffer, 
then pelleting. 

3 hGH ELUTION: Phage binding weaWy to the beads were removed by elution with hGH. The beads 
were rotated with the appropriate buffer containing 400 nMhGH lor 15-17 hours. The supernatant was saved as 
the 'hGH elution* and the beads. The beads were washed by resuspending briefly in buffer and pelletmg. 

0 4 GLYCINE ELUTION: To remove the tightest-binding phage (i.e. those stiy bound after the hGH 

wash) beadsweresuspendednGfytir^^ 

pelteted. The supernatant ('Glycine efution'; 200uL) was neutralized by adding 30 mL of 1 M Tris base and 
stored at 4° C. 

5. PROPAGATION: Aliquots from the hGH elutions and from the Glycine elutions from each set of 
5 beads under each set of conditions were used to infect separate cultures of log-phase XLI-Blue cells. 

Transductions were carried out by mixing phage with 1 mL XL1 -Blue ceils, incubating 20 min. at 37°C. then rtkng 
K07 (moi= 100). Cultures (25 mL 2YT plus carbenicillin) were grown as described above and the next pool of 

phage was prepared as described above. 

Phage binding, elution. and propagation were carried out in successive rounds, according to the cycle 
20 described above. For example, the phage amplified from the hGH elutton from hGHbp-beads were again selected 
on hGHbp-beads and eluted with hGH, men used to infect a new culture of XL1 -Blue cells. Three to five rounds of 
selection and propagation were carried out for each of the selection procedures described above. 
pNft Spg. K>nrinq «Hf^ phao«rtdS 

From the hGH and Glycine elution steps of each cycle, an aliquot of phage was used to inocutate XL1 -Blue 
2 5 cells which were plated on LB media containing carbenicillin and tetracycline to obtain independent clones from 
each phage pool. Single-stranded DNA was prepared from isolated colony and sequenced in the region of the 
mutagens cassette. The results of DNA sequencing are summarized in terms of the deduced amino add sequences 
in Figures 5, 6, 7. and 8. 

30 FY pr^onand affHrr-tf^ Hniuan1s 

To determine the binding affinity of some of .he selected hGH mutants for the hGHbp, we transformed 
DNA from sequenced clones into Ejali strain 16C9. As described above, this is a non-suppressor strain wh>ch 
terminates translation of protein after the final Phe-191 reskiue of hGH. Single-stranded DNA was used for 
these transferrins, but double-stranded DNA or even whole phage can be easily electroporated into a non- 
35 suppressor strain for expression of tree hormone. 

Mutants of hGH were prepared from osmotically shocked cells by ammonium sulfate precipitation as 
described for hGH (Olson et al.. Haiuie.293, 40841 1 [1981]). and protein concentrations were measured by 
laser densitomoetry of Coomassie-stained SDS-poIyacrylamide gel electrophoresis gels, using hGH as standard 
(Cunningham and Wells. Science 244. 1081-1085 [1989]). 
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The binding affinity of each mutant was determined by (Secernent of 125, hGH as described (Spencer 
e , al.. iJMJteZL 263. 7862-7867 1.1988] ; Fuh et d.. ,| Bid. Ctm 265, 31 1 1 -31 15 H 990]). using an ant, 
receptor monoclonal antibody (Mab263). 

The results for alnumber of hGH mutants, selected by different pathways (F«. 6) are shown .n Table 
VII Many of these mutani have a tighter binding affinity for hGHbp than wild-type hGH. The most improved 
mutant, KSYR, has a bindL affinrty 5.6 times greater than mat of wild-type hGH. The weakest selected 
mutant, among those assayed was only about 10-fold tower in binding affinity than hGH. 

Binding assays ma\be carried out for mutants selected for hPRLbp-binding. 

TatjleVU. 
Competitive binding to hGHbp 

The number of times each mutant occurred among all sjque™^ ,s T^..'. 

Pool 

1G3G 

3G 

3* 

H.3G 

1G3H.3G 

3G 

3H 

3G 

3H.3G.3* 

3H 

3* 

3* 

3G,* 

3* 





Mutant 


Kd (nM) Kd(jnut)/Kd(hGH) 




KSYR (6) 


0.06 + 0.01 


0.18 


20 


RSFR 


0.10 + 0.05 


0.30 




RAYR 


0.13 + 0.04 


0.37 


25 


KTYK (2) 


0.16 + 0.04 


0.47 




RSYR (3) 


0.20 + 0.07 


I 0.58 


30 


KAYR (3) 


0.22 + 0.03 


/ 0.66 


RFFR (2) 


0.26 + 0.05 


/ 0.76 




KQYR 


0.33 + 0.03 




35 


KEFR= wt (9) 


0.34+ 0.05 


' 1.0 




RTYH 


0.68 + 0.17 


2.0 




QRYR 


0.83 + 0.14 


2.5 


40 


KKYK 


1.1 +0.4 


3.2 




RSFS (2) 


1.1 +0.2 


3.3 


45 




3.1 +0.4 


9.2 



I 
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ftft fltW" and non-addit w PffrCtt PTI binding 

At some res* ues, substitution of a particular amino acid has essentially the same effect independent of 
surrounding residues. * example, substitution of F176Y in the background of 172R/174S reduces binding 
affinity by 2 0-fold (RS R vs. RSYR). Similarly, in the background of 172K/174A the binding affinrty of the 
F176Y mutant (KAYR) 1 2.9-»old weaker than the corresponding 176F mutant (KAFR; Cunningham and Wells. 
1989). 
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On the other hand.L Ending constants determ*ed lor sever* selected mutants of hGH demote 
non-additive effects o< some , mino acid substitutions at residues I72.174.l76,and178. Forexampte.in^ 
background of 172K/176Y. tie substitution E174S results in a mutant (KSYR) which binds hGHbp 3.74* 
tghter than the conespor*! ■«"* containing E174A (KAYR). However, in me background o, 172R/176Y. 
5 1 effects of these E174 substitutions are reversed. Here, the E174A mutant (RAYR) Knds 1.5-fok, tighter 

than the E174S mutant (RSYR)- .,. , 

Such non^dditive effects on binding for substitutions at proximal residues illustrate the utihty of 
protein-phage binding selection as a means of selecting optimfced mutants from a Itorary random** a. severs, 
potior*, mtheabserx* of de^ 
1 o substitutions might be tried before finding the optimum mutant. 

EXAMPLE IX 

SELECTION OF hGH VARIANTS I FROK IA HEUX-1 WNDOM CASSETTE 
LIBRARY OF HORMONE-PH AGE 

Using the methods described in Example VI... we targeted another region of hGH involved in binding to 
the hGHbp and/or hPRLbp. he.ix 1 rescues 10. 14. 18. 21 . for random mutageneses in me phGHam^p vector 

(also known as pS0643; see Exampte VIII). 

We chose to use the "amber hGH-g3 construct (called phGHam-g3p) because it appears to make the 
target protein. hGH. more accessible for binding. This is supported by data from comparative ELISA assays of 
monodona. antibody binding. Phage produced from bom pS0132 (S. Bass. R. Greene. J. A. Wells. Proteins 8. 
309 (1990).) and phGHam-g3 were tested «h three antibody (Medix 2. 1B5.G2,and 5B7.C10) mat are known 
to have binding determinants near the carboxyl-terminus of hGH IB. C. Cunningham. P. Jhurani. P. Ng, J. A. Wel.s. 
Science 243 1330 (1989); B. C. Cunningham and J. A. Wel.s. Science 244. 1081 (1989); L. Jin and J. We..s. 
unpublished results], and one antibody (Medix 1) that recognizes determinants in helices 1 and 3 (IB. C. 
Cunningham. P. Jhurani. P. Ng, J. A. Wells. Sderxe 243. 1330 (1989); B. C. Cunrtngham and J. A. Wel.s. Saence 
244 1081 (1989)]). Phagemid particles from phGHam-g3 reacted much more strongly «Hh antibodies Medix 2. 
1B5 G2 and 5B7.C10 than did phagemid partides from pS0132. In particular, binding of pS0132 particles was 
reduced by >2000-foH for bom Medix 2 and 5B7.C10 and reduced by >25-«old for 1B5.G2 compared to Ending 
to Medix 1 . On the olher hand, binding of phGHam^ phage was weaker by only about 1.5-fold. 1.2-told. and 2.3- 
fold for me Medix 2, 1B5.G2. and 5B7.C10 antibodies, respectively, compared with binding to MEDIX 1 . 
Cp*rtnirtton of m? h?n« 1 library »?Y TffrffW mutagenesis 

We mutated residues in helix 1 that were previously identified by alanine-scanning mutageneas [B. C. 
Cunringham. P. Jhurani. P. Ng. J. A. Wells. Science 243. 1330 (1989); B. C. Cunningham and J. A. Wells. Scence 
244 1081 (1989). 15. 16) to modulate the binding of the extracellular domains of the hGH and/or hPRL 
receptors (called hGHbp and hPRLbp. respectively). Cassette mutagenesis was carried out essentially as 
described IJ. A. Wells. M. Vasser. D. B. Powers. Gene 34. 315 (1985)1. This library was constructed by cassette 
mutagenesis that fully mutated four residues at a time (see Example VIII) which utilized a mutated vers,on of 
phGHam-g3 into which unique Kprt (at hGH codon 27)and Xho. (at hGH codon 6) restriction sites (undertined 
below) had been inserted by mutagenesis [ T. A. Kunkel, J. D. Roberts. R. A. Zakour. Methods Enzymol. 154, 367- 
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O 382] with the oligonucleotides 5-GCC m GAC AG G ^CCA GGAG TTT G-3;and 5'-CCA ACT ATA CCA 

CTC_L£5_Ai2G TCT ATT CGA TAA C-3^ respectively. TheWoBQO also introduced a + 1 frameshift 
* (italicized) to terminate translation from the starting vector and minimize wild-type background in the phagemid 

library. This strating vector was designated pH0508B. The helix 1 library, which mutated hGH residues 10, 14, 
5 18 21 was constructed by ligating to the large Xho\-Kpn\ fragment of pH0508B a cassette made from the 

complementary oligonucleotides S'-pTCG WWffigfj&«* NNS CTG CGT GCT NNS CGT CTT 
0 NNS CAG CTG GCC TTT GAC ACG TAC^ai^^^GT_GTC^AAA GpC CAG CTG SNN AAG ACQ SNN AGC 

\ ACG CAG SNN CGC GTT GTC SNN GAG CC-31, The KprA site was destroyed in the junction of the ligation 

product so that restriction enzyme digestion could be used for analysis of non-mutated background. 
1 o The library contained at least 10 7 independent transformants so that if the library were absolutely 

random (10« different combinations of codons) we would have an average of about 10 copies of each possible 

mutated hGH gene. Restriction analysis using Kprt indicated thai at least 80% of helix 1 library constructs 

contained the inserted cassette. 

Binding enrichments of hGH-phage from the libraries was carried out using hGHbp immobilized on 

1 5 oxirane-polyacrylamide beads (Sigma Chemical Co.) as described (Example VIII). Four residues in helix 1 (F10, 
M14. H18. and H21) were similarly mutated and after 4 and 6 cycles a non-wild-type consensus developed (Table 
VIII). Position 10 on the hydrophobic face of helix 1 tended to be hydrophobic whereas positions 21 and 18 on the 
hydrophillic face tended were dominated by Asn; no obvious consensus was evident for position 14 (Table IX). 
The binding constants for these mutants of hGH to hGHbp was determined by expressing the free 

20 hormone variants in the non-suppressor E. coli strain 16C9. purifying the protein, and assaying by competitive 
displacement of labelled wt-hGH from hGHbp (see Example VIII). As indicated, several mutants bind tighter to 
hGHbp than does wt-hGH. 
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Table VIII. 
Selection of hGH helix 1 mutants 

followed by glycine (0.2 M, pH 2) buffer (see Example VIII). 



Gly clution 



10 



15 



20 



F10 


M14 


H18 


H21 




4 Cycles 






H 


G 


N 


N 


A 


W 


D 


N(2) 


Y 


T 


V 


N 


I 


N 


I 


N 


L 


N 


S 


H 


F 


S 


F 


G 




6 Cycles 






H 


G 


N 


n(6: 


F 


S 


F 


L 



Consensus: 
H G N 



N 
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Table IX 

Consensus sequences torn the selected hefixllbrary 

5 Observed frequency is fraction of all clones sequenced with the indited *nino a The rmM fluency is 
Sated oX bLs of NNS 32 codon degeneracy. The £ sinQle 

deDendino uoon the nominal frequency value for a given residue. Values of [KrfAla mut)/K<j(wt hGH)] for single 

D. J. Henner, J. A. Wells, Science 247, 1461 (1990); B. C. Cunningham and J. A. Wells, Proc. Natl. Acad. Set. USA 
10 88, 3407 (1991). 
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H18 
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5 
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Table X 

Binding of purified hGH helix 1 mularts lo hGHbp 



SSTSfi * - » — « — • *- 

sequenced after one or more rounds of selection. 



1 o Sequence position 



wt= 



Kd (nM)\f(Kd mut) K d (wt hGH)) 
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EXAMPLE X 



Our experience with recruiting non-binding homologs of hGH evolutionary variants suggests that many 

ending a particular receptor [B. C. Cunningham. D. J. Henner. J. K We..s, Science 247. 1461 (1990) J BX. 
cJnghamand^^ 
35 Wells. J. Biol. Chem. 266. in press (1991)]. 

The helix 4b Itorary was constructed in an attempt to further improve the hehx 4 douWe mutant 
•(E174S/F176Y) selected from the helix 4a library that we found bound tighter to the hGH receptor (see 
Exampte VH.) W,th the E174S/F1 76Y hGH mutant as the background sterling hormone, residues were mutated 
that surrounded posittons 174 and 176 on the hydrophiKc «a« of he.be 4 (R167. D171. T175 and .179) . 

40 O"** 1 "*™ d tim Jh llhrarv bv mutagenesis 

Ca^m^ge^swas carried outessentialy s described U. A. Wells. M. Vasser. D. B. Powers. 

6ene34 315(1985)]. TtmWiMtWw.^^^™'™'™'*™"'*** , 

E174S/F176Y background, was instructed uang cassette mutageness that fully mutated four residues a a 
time (see Exampte VIII) and which utilized a mutated version of phGHam-g3 into which unique BsfBI and BgM 
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restriction sites had been inserted previously (Example VIII). Into the BstB\-Bgfi\ sites of the vector was inserted 
a cassette made from the complementary oligonucleotides 5 -pG ^^^ A ^ c ^pJ^ S AAG GAC ATG 
NNS AAG GTC AGC NNS TAG CTG CGC NNS GTG CAG TGC A^and 5'-pGA T ^^^^ C ^ S ^ 
GCG CAG GTA SNN GCT GAC CTT SNN CAT GTC CTT SNN GAA GCA GTA GA-3^ The BstB\ site wasT 

5 eliminated in the ligated cassette. From the helix 4b library, 15 unsetected clones were sequenced, a these, none 
lacked a cassette insert, 20% were frame-shifted, and 7% had a non-silent mutation, 
ffrci rtf hftHbo enrichment 

Binding enrichments of hGH-phage from the libraries was carried out using hGHbp immobilized on 
oxirane-polyacrylamide beads (Sigma Chemical Co.) as described (Example VIII). After 6 cycles of binding a 

0 reasonably clear consensus developed (Table XI). Interestingly, all positions tended to contain polar residues, 
notably Ser, Thr and Asn (XII). 
fg^vofhGH mutants 

The binding constants for some of these mutants of hGH to hGHbp was determined by expressing the 

free hormone variants in the non-suppressor E. constrain 16C9, purifying the protein, and assaying by competitive 
5 displacement of labelled wt-hGH from hGHbp (see Example VIII). As indicated, the binding affinities of several 

helix -4b mutants for hGHbp were tighter than that of wt-hGH Table Xlli). 

Raptor-selectivity of hGH variants 

Finally, we have begun to analyze the binding affinity of several of the tighter hGHbp binding mutants 

for their ability to bind to the hPRLbp. The E174S/F176Y mutant binds 200-fold weaker to the hPRLbp than 
0 hGH. The E174T/F176Y/R178K and R167N/D171S/E174S/F176Y/1179T mutants each bind >500-fold weaker 

to the hPRLbp than hGH. Thus, it is possible to use the produce new receptor selective mutants of hGH by phage 

display technology. 

Horfnone-phaoemid selection Identifies the Info^atiorvcorrtent of Particular residues 

Of the 12 residues mutated in three hGH-phagemid libraries (Examples VIII, IX, X), 4 showed a strong, 
25 although not exclusive, conservation of the wild-type residues (K172, T175, F176, and R178). Not surprisingly, 
these were residues that when converted to Ala caused the largest disruptions (4- to 60-fold) in binding affinity 
to the hGHbp. There was a class of 4 other residues (F10, M14, D171, and 1179) where Ala substitutions caused 
weaker effects on binding (2- to 7-fold) and these positions exhibited little wild-type consensus. Finally the other 
4 residues (H18, H21, R167, and E174), that promote binding to he hPRLbp but not the hGHbp, did not exhibit 
30 any consensus for the wild-type hGH sequence by selection on hGHbp-beads. In fact two residues (E174 and 
H21), where Ala substitutions enhance binding affinity to the hGHbp by 2- to 4-fold [B. C. Cunningham, P. 
Jhurani, P. Ng, J. A. Wells, Science 243, 1330 (1989); B. C. Cunningham and J. A. Wells, Science 244, 1081 
(1989); B. C. Cunningham, D. J. Henner, J. A. Weils, Soence 247, 1461 (1990); B. C. Cunningham and J. A. Wells, 
Proc. Nat Acad, Sd. USA8Q, 3407 (1991)]. Thus, the alanine-scanning mutagenesis data correlates reasonably 
35 well with the flexibility to substitute each position. In fact , the reduction in binding affinity caused by alanine 

substitutions [B. C. Cunningham, P. Jhurani, P. Ng, J. A. Wells, Science 243, 1330 (1989); B. C. Cunningham and 
J. A. Wells, Science 244, 1081 (1989)], B. C. Cunningham, D. J. Henner, J. A. Wells. Science 247, 1461 (1990); B. 
C. Cunningham and J. A. Wells, Proc. Natl. Acad Sd. USA 88, 3407 (1991)] is a reasonable predictor of the 
percentage that the wild-type residue is found in the phagemid pool after 3-6 rounds of selection. The alanine- 
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scanning information is useful for targeting side-chains that modulate binding, and the phage selection is 
appropriate for optimizing them and defining the flexibility of each site (and/or combinations of sites) for 
substitution. The combination of scanning mutational methods [B. C. Cunningham. P. Jhurani. P. Ng, J. A. Wells, 
Science 243, 1330 (1989); B. C. Cunningham and J. A. Wells, Science 2M, 1081 (1989)] and phage display is a 
powerful approach to designing receptoMigand interfaces and studying molecular evolution in vitro. 
Variations on ftera tfvo Enrichment ri hnrnvrairiarieriM libraries 

In cases where combined mutations in hGH have additive effects on binding affinity to receptor, 
mutations learned through rormone-phaaemid enrichment to improve binding can be combined by simple cutting 
and ligation of restriction fragments or mutagenesis to yield cumulatively optimized mutants of hGH. 

On the other hand, mutations in one region of hGH which optimize receptor binding may be structurally or 
functionally incompatible with mutations in an overlapping or another region of the molecule. In these cases, 
hormone phagemid enrichment can be carried out by one of several variations on the iterative enrichment approach : 
(1 ) random DNA libraries can be generated in each of two (or perhaps more) regions of the molecule by cassette 
or another mutagenesis method. Thereafter, a combined library can be created by ligation of restriction 
fragments from the two DNA libraries; (2) an hGH variant, optimized for binding by mutation in one region of the 
molecule, can be randomly mutated in a second region of the molecule as in the helix-4b library example; (3) two or 
more random libraries can be pMially selected for improved binding by hormone-phagemid enrichment; after this 
•roughing-in' of the optimized binding site, the stiil-partially-diverse libraries can be recombined by ligation of 
restriction fragments to generate a single library, partially diverse in too or more regions of the molecules, which 
in turn can be further selected for optimized binding using hormone-phagemid enrichment. 
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Table XI. 



Mutant phagemlds of hGH selected from helix 4b library after 4 and 6 cycles of enrichment 

Selection of hGH helix 4b mutants (randomly mutated at residues 167. 171. 175. 179). each containing the E174S/F176Y 
double mutant, by binding to hGHbp-beads and elutjng with hGH (0.4 mW) buffer followed by glycine (0.2 M, pH 2) butler. 
One mutant (+) contained the spurious mutation R178H. 
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Table XII 

Consensus sequences from the selected library, 
is calculated on the basis of NNS 32 codon degenera*. The maxim* enrichment factor vanes * 16te » 

Cunninoham P Jhurani, P. Ng, J. A. Wells, Science 243, 1330 (1989); B. C. Cunningham and J. A. ' 
Cunningham, k. jnuran., y ' s^nceTAl 1461 (1990); B. C. Cunningham and J. A. Wells, 

1081 (1989); B. C. Cunningham, D. J. Henner, J. A Wells. Science 247, iw v*™ h 

Proc. Natl. Acad. Sci. USA 88, 3407 (1991).]. 
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Wild type 
residue 



Kd(Ala mut) 
Kd(wt hGH) 



Selected 
residue 



ffpqtiencv 
observed nominal 



Enrichment 



R167 

D171 

T175 
1179 



0.75 

7.1 

3.5 
2.7 



N 
D 
K 
A 
S 
N 
D 
T 
A 
T 
N 



0.35 
0.24 
0.12 
0.12 
0.76 
0.18 
0.12 
0.88 
0.12 
0.71 
0.18 



0.031 

0.031 

0.031 

0.062 

0.093 

0.031 

0.031 

0.062 

0.031 

0.062 

0.031 
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Table XIII 

Binding of purified hGH mutants to hGHbp. 
Compete Ending experiments were performed using [ 125 l]hGH (wild-type), hGHbp (containing the 
extract receptor domain, revues 1 -238). and Mab263 (1 1). The ^^^^^^ 
occurrence of each mutant among al. me ctones sequer^aner one W more rourxte o. setecton. Note^t the 
bdix 4b mutattons 0 are In the background of hGH(E174S/F176Y). In the list of helix 4b mutant,, the 
E174S/F176Y mutant (*), with wt residues ; at 167, 171._ 175. 179, , Is Wd. 

Kd(Alamut) 

Sequence position P "d^wt hGH) 
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0.18 
0.06 
0.06 
0.06 
0 

0.06 



0.04 ± 0.02 
0.04 ± 0.02 
0.05 ± 0.03 
0.06 ± 0.03 
0.06 ± 0.01 
0.26 ±0.11 



0.12 
0.12 
0.16 
0.17 
(0.18) 
0.77 
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EXAMPLE M 
Assent* of Fab Molecule on the Phagecrtd Surface 

tins- frstatitsSeraislheDNA.nct*, I*s, It slgna, sequence. *»"-»>'» 1 -' 

B ^„^lnF^10.™»qu 1 ™«»IW^«l.^»Fig««. 

Bolh p.*eth»lene *cc4 (PEG) and e,e«pcra,on .ere used IransW *sm*s - smo. =~ 
(PE G c^peM C* ware spared and transformed according to the method of Chung and Miller (Nucleic 
£rU» M Cells M - * — - - 

Un*.** eSC.pora.on acoo-d*, to the method ot Zabare.sk, and Winber, («**«*** «*. 1659.2 
171 a! 3rd sbaKing A, « «me. ,na concents 0. *. c* was determined uan, Ugh, « 

rna* <-•*• - ^ * —«*» »">.«">" ' "" ° 

(10 l»M Tris, pH 7J6. 1 IBM EDTA, ar«l 150 l»M NaCl). and Sored at «°C. 
pr^l^nr.n^ mated Ptales, 

Allots U ml trom a to* ., 0.1 mgM ot the e*a««Uar domain ol the HEM an»gen (E C0 

1 butt, Je. (30 r*l BSA in 0.1 M sodium bicarbonate), and «xuba«ng « room temperature lor one 
and the plates were •Md up to 10 dap at 4-C belore being used lor phage select™. 
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Approximately it* phage particles were mixed with a 100-fold excess of K07 helper phage and 1 ml of 
buffer A . This mixture was divided into two 05 ml aliquots; one of which was applied to ECD coated wells, and 
the other was applied to BSA coated wells. The plates were incubated at room temperature while shaking for one 
to three hours, and were then washed three times over a period of 30 minutes with 1 ml aliquots of buffer A. 
Elution of the phage from the plates was done at room temperature by one of two methods: 1 ) an initial overnight 
incubation of 0.025 mg/ml purified Mu4D5 antibody (murine) followed by a 30 minute incubation with 0.4 ml of 
the acid elution buffer (0.2 M glycine. pH 2.1 . 0.5% BSA. and 0.05% Tween-20). or 2) an incubation with the acid 
elution buffer atone. Ekiates were then neutralized with 1 MTris base, and a 05 ml aliquot of TEN was added. 
These samples were then propagated, titered, and stored at 4°C. 

Ptwqff propagation 

Aliquots of eluted phage were added to 0.4 ml of 2YT broth and mixed with approximately 10* rmd-log 
phase male E. col strain SR101 . Phage were allowed to adhere to the cells for 20 minutes at room temperature 
and then added to 5 ml of 2YT broth that contained 50 |igAnl of carbenicillin and 5 ugAnl of tetracycline. These 
cellsweregrownat37°Cfor4 to 8 hours until they reached mid-fog phase. The ODeoO was determined, and the 
cells were superinfected with K07 helper phage for phage production. Once phage particles were obtained, they 
were titered in order to determine the number of colony forming units (cfu). This was done by taking aliquots of 
serial dilutions of a given phage stock, allowing them to infect mid-log phase SR101 . and plating on LB plates 
containing 50 wgAnl carbenicillin. 
ria affinity det ermination. 

The affinity of h4D5 F ab fragments and F a b phage »or the ECD antigen was determined using a 
competitive receptor binding RIA (Burt. D. R.. Receptor Binding in Drug Research. O'Brien. R.A. (Ed.), pp. 3- 
29. Dekker. New York 11986]). The ECD antigen was labeled with 125-ioolne using the sequential chloramine-T 
method (De Larco. J. E. et at. J- Cell. Physiol. 109:143-152 [19811) which produced a radioactive tracer with a 
specific activity of 14u.Ci/ug and incorporation of 0.47 moles of todine per mole of receptor. A series of 0.2 ml 
solutions containing 0.5 ng (by ELISA) of F ab or Fab phage. 50 nCi of 125, ECD tracer, and a range of unlabeled 
ECD amounts (6.4 ng to 3277ng) were prepared and incubated at room temperature overnight The labeled 
ECD-Fab or ECD-Fab P^ge complex was separated from the unbound labeled antigen by forming an aggregate 
complex induced by the addition of an anti-human IgG (Rtzgerald 40-GH23) and 6% PEG 8000. The complex was 
pelleted by centrifugation (15.000 x g for 20 minutes) and the amount of labeled ECD (in cpm) was determined 
by a gamma counter. The dissociation constant (Kd) was calculated by employing a modified version of the 
program LIGAND (Munson. P. and Rothbard. D.. Anal. Biochem. 107220-239 [1980]) which utilizes Scatchard 
analysis (Scatchard. G./nn. N.Y. Acad. Set 51:660-672 [1949D- The Kd values are shown in Figure 13. 

tTnmrrtffivr firtl Wmflng m»f 

Murine 4D5 antibody was labeled with 125-1 to a specific activity of 40-50 jiCi/ufl using the todogen 
procedure. Solutions containing a constant amount of labeled antibody and increasing amounts of unlabeled variant 
Fab were prepared and added to near confluent cultures of SK-BR-3 cells grown in 96-well microliter dishes 
(final concentration of labeled antibody was 0.1 nM). After an overnight incubation at 4°C, the supernatant was 
removed, the cells were washed and the cell associated radtoacMy was determined in a gamma counter. Kd 
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values were detent by anatvang the data usfcg a modfied version o. the program LK5AND (Munson, P. and 
Rothbard, D., supra) 

This deposit of plasmid pDH188 ATCC no. 68663 was made under the provisions of the Budapest 
Treaty on me International Recognita of the Deposit of Microorganisms for me Purpose o. Patent Procedure 
and the Regulars thereunder (Budapest Treaty). This assures maintenance of a viabte culture tor 30 years 
from the date of deposit. The organisms will be made available by ATCC under me terms of me Budapest 
Treaty and subject to an agreement between Genentech. Inc. and ATCC, which assures permanent and 
unrestricted availability of the progeny of the cultures to the pub.* upon issuance of the pertinent U.S. paten, or 
upon laying open to the public of any U. S. or foreign patent application, whichever comes first, and assures 
avaifcbility of me progeny to one determined by me U. S. Commissioner of Patents and Tradema*s to be entiOed 
thereto according to 35 USC §122 and the Commissioner's rules pursuant thereto (including 37 CFR §1.14 w,th 

particular reference to 886 OG 638). 

The assignee of the present applicatton has agreed that if the cultures on deposit shoukJ die or be lost 
or destroyed when cultivated under suitable conditions, they will be promptly replaced on notification with a v,aWe 
specimen of the same culture. Availability of me deposited cultures is not to be construed as a Iteense to practice 
me invention in contraventton of the rights granted under the aumority of any government in accordance wrth .ts 
patent laws. 

The foregoing written specification is considered to be sufficient to enable one skilled in the art to 
practice the invention. The present invention is not to be Pmited in scope by the cultures deposited, since the 
deposited embodiments are intended as separate illustrations of certain aspects of the invention and any cultures 
that are functtonally equivalent are within the scope of mis invention. The deposit of mater* herein does not 
constitute an admisston that the written description herein contained is inadequate to enable the pract.ce of any 
aspect of the invents, including the best mode thereof . nor is it to be construed as limiting the scope of the 
claims to the specific illustrations mat it represents. Indeed, various modifications of the invention in add.t»n to 
those shown and described herein will become apparent to those skilled in the art from the foregoing descnpt™ 
and fan within the scope of the appended claims. 

While the invention has necessarily been described in conjunction with preferred embodiments, one of 
ordinary skill, after reading the foregoing specification, will be able to effect various changes, substitutions of 
equrvalents. and alterations to the subject matter set forth herein, without departing from the spint and scope 
.hereof Hence, the invention can be practiced in ways other than those specifically described herem. tt.s 
therefore intended that the protects granted by Letters Patent hereon be limited only by the appended claims 
and equivalents thereof. 
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SELECTS Of -GHV.-.KTS FROM COmS^OFHEUX, »»HE^ HORMONE-PHAGE 



VARIANTS 



According to additivity principles [J. A. Wells. UochuMy*. ™» 0«»». mutations in Afferent 
parts of a protein, if they are not mutuaHy interacting, are expected to combine to produce additive changes m the 
free energy of binding to another molecule (changes are additive in terms of Ending, or muftifflcative .n 
terms of «, = exp(- A G/RT] ). Thus a mutation producing a 2-fold increase in bindfcg affinity, when combined 
with a second mutation causing a 3-foW increase, would be predicted to yield a double mutant with a Wold 
increased affinity over the starting variant 

To test whether multiple mutations obtained from hGH-phage selections would produce cumulatively 
favorable effects on hGHbp (hGH*nding protein; the extraocular domain of the hGH receptor) binding, we 
combined mutattons found in the three tightest-binding variants of hGH from the helix-1 library (Example IX: 
F10A/M14W/H18D/H21N. F10H/M14G/H18M/H21N. and F10F/M14S/H18F/H21L) with those found in the 
three tightest Ending variants found in the helix-4b library (Example X: R167N/D171S/T175/.179T. 
R167E/D171S/T175/I179, and R167N/D1 71 N/T1 75/11 79T). 

hGH-phagemid double-stranded DNA (dsDNA) from each of the one-helix variants was isolated and 
digested with the restriction enzymes Ecofl. and Of* The large fragment from each he.ix-4b varfcnt was then 
isofcted and ligated with the small fragment from each helbc-1 variant to yfeld the new two-helix variants shown ,n 
Table XIII. All of these variants also contained the mutations E174S/F176Y obtained in earlier hGH-phage b,nd,ng 
selections (see Example X for details). 
Qnrt^ry ^n of sdetftve rambln? *™*?' libraries erf hGH 

Although additivity principles appear to hold for a number of combinations of mutations, some 
combinations (e.g. E174S with F176Y) are clearly non-additive (see examples VII. and X). In order to fcfcntify 
with certainty the tightest binding variant with, for example. 4 mutations * helix-1 aod 4 mutations in helix-4, one 
would ideally mutate all 8 residues at once and men sort the pool for the globally tightest binding variant 
HovveversuchapcolwoJdconsi^ 

1010 different polypepMes. Obtaining a random phagemid library large enough to assure representation of all 
variants (perhaps 10^ transformants) is not practical using current transformation technology. 

We have addressed this difficulty first by utilizing successive rounds of mutagenesis, taking the 
tightest binding variant from one library, then mutating other residues to further improve binding (Example X). 
,n a second method, we have utilized the principle of additivity to combine the best mutations from two 
independently sorted libraries to create multiple mutants with improved binding (described above). Here, we 
further searched through the possible combinations of mutations at positions 10. 14. 18. 21 . 167. 171. 175. and 
179 in hGH by creating combinatorial libraries of random or partially-random mutants. We constructed three 
different combinatorial libraries of hGH-phagemids. using the pooled phagemids from the helix 1 hbrary 
(independents sorted for 0. 2. or 4 cyctes; Exampte IX) and me poo. from the he.ix-4b library (independently 
sorted for 0. 2. or 4 cycles; Example X) and sorted the combined variant pool for hGHbp binding. Stat some 
4 0 amount of sequence dfcersity exists in each of these pools, the resulting combinatorial ybrary can exptore more 
sequence combinations than what we might construct manually (e.g. Table XIII). 
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hGH-phagem* doubte-stranded DNA (dsDNA) from each of the onrt* library pools (setected .or 0. 
2 or 4 rounds) was isofcted and digested with the restriction enzymes Acd and at* The *rge fragment from 
each he.ix-1 variant pod was then isolated and igMd with the sma« fragment from each he.ix-4b variant pool to 
view the three combinatorial ibraries P H0707A (unsetected helix 1 and he*x 4b pods, as described n examptes .X 
5 and X), PH0707B (twice-seleded he.ix-1 pool with twice-setected he.ix-4b pool), and P H0707C (4-times 

sheeted helix-1 pod *h 4-times setected helix^b poo.). Duplicate ligations were also set up with less DNA and 
de.gna.ed as P H0707D. pH0707E. and pH0707F. correspond** to the 0,2, and 4-round staring ^ranes 
respectively. M of these variant pools a.so contained me mutations E174S/F176Y obtained in earner hGH-phage 
binding selections (see Example X for details). 
10 SfflUng mmhtryttflffr 1 "hrartes frf hfiH-Pft'v'* variants 

The ligation products pH0707A-F were processed and electro-transformed into XL1-Bk»e ceHs as 
described (Example VIII). Based on cofony-formfr* units (CFU). the number of transforms obtained from each 
pool was as foltows: 2.4x10* from pH0707A. 1.8x106 from pH0707B. 1.6x10* from pH0707C. 8x105 from 
PH0707D. 3x105 ^ pH0707E. and 4x1 0 5 from pH0707F. hGH-phagemid partides were prepared and 
1 5 selected for hGHbp-binding over 2 to 7 cycles as described in Example VIII. 

paflrt yvting Of hfiH-PhrW omld Bbrar1e5 JU ...... 

m additton to sorting phagemid libraries for tight-ending protein variants, as measured by equH.bnum 
ending affinity, it is of interest to sort for variants which are altered in either the on-ra,e (kon) or the off-rate 
(koff) of binding to a receptor or other molecule. From thermodynamics, these rates are related to the 
20 Unburn dissociation constant. K<j - We envision that certain variants of a pabular prote, have 

smi.ar W for binding while having very different Kon's and koff's. Conversed changes in from one vanant to 
anothermaybeduetoeffectsonKon.ef.ectsonKoff.orboth. The pharmacology, properties of a prote.n may 

fcdeperKtertonertfngaf^^ 

,o identify hGH variants with higher on-ra.es to investigate the effects of changes in kon- We envis,on that the 
25 select cou.d aftemative.y be weighted toward M by increa^ng the ending time and increaang me wash time 
and/or concentration with cognate ligand (hGH). 

From time^ourse ana.ysis of wi.d-.ype hGH-phagemid ending to immoMized hGHbp. it appears mat. 
o, me tota. hGH-phagemid parties that can be eiuted In the tina. pH 2 wash (see Exampte V... for me comptete 
ending and e.ution protoco.). .ess than 10% are bound after 1 mhule of incubation, while greater than 90% are 

3 0 bound after 1 5 minutes of incubation. holl ^ c 1 

For -rapid-binding se.ec.ion; phagemid partc.es from me pH0707B poo. (twice-setected for hetices 1 
and 4 independently) were incubated wim immoMized hGHbp for on .y 1 minute, then washed six times wim 1 mL of 
ending buffer; the hGH-wash step was omitted; and the remaining hGH-phagemid partides were e.uted w,th a 
P H2 (0 2M g.ydne in ending buffer) wash. Enrichment of hGH-phagemid partides over non^aying partides 

35 indeed that even with a short ending pertod and no cognate-iigand (hGH) change, hGH-phagemid end,ng 
selection sorts tight-binding variants out of a randomized pool. 
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Assay Pt hG H mutants . 

ZZ* ****** tor some o« these mutants of hGH to hGHbp was determined by expressmg the 

free hormone variants I. me non-suppressor E. «* stran 16C9 or 34B8. purifyhg the protein, and assaying by 
compel dispfccement o. Veiled «MQH from hGHbp (see Exampte VI..) k. a radioHmmunoprecipta^on assay, 
in Table XIII -A below, all the variants have glutamate 17 4 replaced by serine^ and phenylalanine, 76 replaced by 
tyrosines (E174S and F1 176Y) plus the additional substitutions as indicated at hGH amino acid posrfons 10. 
14.18,21,167. 171, 175 and 179. 



Table Xlll-A 



15 



20 



25 



hGH variants from addition of hetbc-1 and he0x-4b mutations 

Helix 4 



residue: 


HQ 


M14 


his 


H21 


P167 


D171 


Variant 














H0650AD 


H 


G 


N 


N 


N 


S 


H0650AE 


H 


G 


N 


N 


E 


S 


H0650AF 


H 


G 


N 


N 


N 


N 


H0650BD 


A 


W 


D 


N 


N 


S 


H0650BE 


A 


W 


D 


N 


E 


s 


H0650BF 


A 


W 


D 


N 


N 


N 


H0650CD 


F 


S 


F 


L 


N 


S 


H0650CD 


F 


S 


F 


L 


E 


s 


H0650CD 


F 


S 


F 


L 


N 


N 



IIZ5 1122 

T T 

T l 

T T 

T T 

T I 

T T 

T T 

T I 

T T 



in Table XIV below, hGH variants were selected from combinatorial libraries by the phagemid binding 
selects process. All hGH variants in Table XIV contain two background mutations (E174S/F176Y). hGH- 
phagemid pools from the iibraries DH0707A (Part A). P H0707B and pH0707E (Part B). or P H0707C (Par. C) 
were sorted for 2 to 7 cycles for binding to hGHbp. The number £ indicates the fractional occurrence of each 
variant type among the set of clones sequenced from each pool. 
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Table XIV 

hGHvartantstromh^^ 



Helix 1 



.Helix 4 



10 



15 



20 



25 



30 



35 



40 



wild-type 

_E 
Part A : 
0.60 

0.40 
Part B: 

0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.17 
0.17 
0.17 
0.17 
0.17 
0.17 

0.57 
0.14 
0.14 
0.14 
0.50 
Part 

0.67 



residue: 



C; 



Variant 
4 cycles: 
H0714A.1 

H0714A.4 

2 cycles: 
H0712B.1 
H0712B.2 
H0712B.4 
H0712B.5 
H0712B.6 
H0712B.7 
H0712B.8 
H0712E.1 
H0712E.2 
H0712E.3 
H0712E.4 
H0712E.5 
H0712E.6 
H0712E.7 
H0712E.8 
4 cycles: 
H0714B.1 
H0714B.2 
H0714B.3 
H0714B.4 
H0714B.5 
H0714B.6 
7 cycles: 
H0717B.1 
H0717B.2 
H0717B.6 
H0717B.7 
, H0717E.1 

4 cycles: 
H0714C.2 



E1G M14 tllfi H21 



H 
A 



A 
F 
A 



G 
N 



W 
S 
W 
Q 
S 



N 
D 



F 


S 


c 
r 


H 


Q 


T 


H 


G 


N 


F 


S 


F 


A 


S 


T 


Q 


Y 


N 


W 


G 


S 


F 


L 


S 


W 


N 


N 


A 


N 


A 


P 


S 


D 


H 


G 


N 


F 


S 


T 


M 


T 


S 


F 


S 


F 


A 


W 


D 


A 


w 


D 


M 


Q 


M 


H 


Y 


D 


L 


N 


S 


L 


N 


S 



D 
T 
D 
E 
L 



N 
A 



G 
S 
N 
L 
N 
N 
S 

s 
s 
s 

N 
N 
G 
N 
L 

N 
N 
N 
H 
H 
H 

N 
G 
N 
H 
A 



fll£Z D1Z1 IIS US 



N 
N 



H 
A 
N 
S 
R 
H 

R 

K 

H 

N 

R 

N 

R 

Q 

T 

R 
H 
N 
R 
R 
T 

N 
R 
R 
N 
N 



S 
N 



S 

D 

A 

D 

D 

S 

D 

N 

S 

S 

D 

N 

D 

S 

S 

D 
S 
S 
D 
D 
S 

A 
D 
D 
S 
S 



T 
T 



T 

N 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 
T 
T 
T 
T 
T 

T 
T 
T 
T 
T 



N 

N * 



T 
S 
T 
T 
I 

T 
I 

V 
T 
T 
I 

S 
I 

T 
S 



N 
T 
T 
\ 

T 

T 
I 
I 

T 
V 
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* = also contained the mutations L15R, K168R. 



,n TaWe XV below. hGH variants were seteded from combinatorial libraries by the phagemkJ bndrng 
se.ecton process. All hGH variants in Table XV contain two background mutations (E174S/F176Y). The number 
50 Eismelractionaloccurrenceolagi^nvariantamongalldones^ 
selection. 
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UGH variants from 



Table XV 
RARDhC*bpt*Kflng 



wild-type 
p 



0.14 
0.57 
0.14 
0.14 



residue: 


Oft 


Helix 1 . 
Mil 


H18 


H21 


R167 


D171 


Variant 














H07BF4.2 


w 


G 


S 


S 


R 


D 


H07BF4.3 


M 


A 


D 


N 


N 


S 


H07BF4.6 


A 


W 


D 


N 


S 


S 


H07BF4.7 


H 


Q 


T 


S 


R 


D 



T175 1122 

T I 

T T 

V T* 

T I 



t = also contained the mutation Y176F (wild-type hGH also contains F176). 



,n tat* XV. below, ttnding constants were measured by competrtive c^acement o« ^,, a be«ed 
hormone H0650BD or .abelted hGH using hGHbp (1-238) and e*her IW«M^ The vanant H0650BD 
appears bind more than 30-fold tighter than wild-type hGH. 
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20 



25 



30 



35 



Table XVI 

BjtfUbrtum binding constants of selected UGH variants. 



hGH 
Variant 



KHfvariann 
Kd(H0650BD) 



^(variant! 
Kd(hGH) 



Kd (pM) 





hGH 


32 


-1- 


340 i 50 


10 


H0650BD 


-1- 


0.031 


10± 3 




H0650BF 


15 


0.045 


15± 5 




H0714B.6 


3.4 


0.099 


34 i 19 


15 


H0712B7 


7.4 


0.22 


74 ± 30 




H0712E.2 


16 


0.48 


60 ±70 



EXAMPLE XIII 



Selective 



enrichment of hGH^hage containing a protease substrate sequence versus non-substrate phage 



As described in Example 1. the plasmid pS01 32 contains the gene tor hGH fused to the residue Pro198 of me gene 
,„ protein with the insertion of an extra glycine residue. This plasm* may be used to produce hGH-phage pandas 
in whfch the hGH-gene III fuson product is displayed monovalent^ on the phage surface (Example IV). The fuson 
protein comprises the entire hGH protein fused to the carboxy terminal domain of gene III via a flexible linker 
sequence. 

To investigate the feasibility of using phage display technology to select favourable substrate 
sequences for a given proteolytic enzyme, a genetically engineered variant of subtilisin BPN' was used. (Carter. P. 
et al Proteins: Structure, function and genetics 6:240-248 (1989)). This variant (hereafter referred to as 
A54SAL subtilisin) contains the foltowing mutations: Ser24Cys. His64Ala. Glu156Ser, Glyl69Ala and 
Tyr217Leu Since this enzyme lacks the essenfel catalytic residue His64. its substrate specificity is greatly 
restricted so that certain histidine-containing substrates are preferentially hyrdrolysed (Carter et al.. Saence 
237:394-399 (1987)). 
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The sequence of the linker egion in pS0l32 was mutated to create a substrate sequence for A64SAL 



The sequence of the linker _ . 
subtilisin using th^olioonupleotid* s-.tjMG^TT^W^^^^^ 1 ^ 
ACtIc <nZ^£^£8*^ o. the protein sequent Phe-Gly-Pro-Phe-^, 
5 His-Tyr.Thr.Arg-G.n-Ser-Thr.Asp in t » linker region between hGH and the carboxy terminal domain of gene I,., 
where the firs. Phe residue in the a* ve sequence is Phe191 of hGH. The sequence AJa-Wa-His-Tyr-Thr-Agr-GIn 
is known to be a good substrate for A64SAL subfjfein (Carter et al (1989), supra). The resulting plasm* was 
designated pS0640. J 

10 anrlchrr rfflt ftf HfirV" ^irate-nnaQe 

Phagemid particles derived from pS0l32 and P S0640 were constructed as descnbed 
in Example I. In initial experiments, a 10uJ a.K,uot of each phage poo. was separate* mixed wrth 
30u. of oxirane beads (prepared as described in Examp.e II) in 100uJ of buffer compris-ng 
20mM Tris-HC. pH 8.6 and 2.5M NaCI. The binding and washing steps were performed as 
described in examp.e V... The beads were then resuspended in 400u. of the same buffer. w,th 
or without 50nM of A64SAL subtilisin. FoHowing incubation for 10 minutes, the supematants 
were collected and the phage litres (cfu) measured. Table XV.. shows that approximately 10 
times more substrate-containing phagerrid particles (pS0640) were eluted in the presence of 
enzyme than in the absence of enzyme, or than in the case of the non-substrate phagem,ds 
(PS0132) in the presence or absence of enzyme. Increasing the enzyme, phagemid or bead 
concentrations did not improve this ratio. 

Imn rTTVf m f nr sMertivp enrichment procedure 

in an attempt to decrease the non-specific elution of immobilised phagemids, a t,ght- 
binding variant of hGH was introduced in place of the wild-type hGH gene in pS0132 and 
PS0640 The hGH variant used was as described in example X. ( P H0650bd) and contains the 
mutations Phe10A.a. MetUTrp. His18As P , His21Asn. Arg167Asn. Aspl7lSer. G.u174Ser 
Phe176Tyr and He179Thr. This resulted in the construction of two new phagemids: P DM0390 
(containing tight-binding hGH and no substrate sequence) and DDM041 1 (containing tight- 
binding hGH and the substrate sequence A.a-A.a-His-Tyr-Thr-Agr-G.n). The binding washing 



25 



30 



35 



and elution protocol was also changed as follows: 

(0 Binding COSTAR 12-well tissue culture plates were coated for 16 hours wrth 

0 5ml/wel. 2ug/m. hGHbp in sodium carbonate buffer pH 1 0.0. The plates were then incubated 
with iml/wel. of btocking buffer (phosphate buffered saBne (PBS) containing 0.1%w/v bov.ne 
serum a.bumen) for 2 hours and washed in an assay buffer containing lOmM Tns-HCI pH 7.5 

1 mM EDTA and 1 0OmM NaCI. Phagemids were again prepared as described in Example .: the 
phage poo. was diluted 1 A in the above assay buffer and 0.5m. of phage incubated per we., for 

2 hours. 



m 



56 



00 Washing: The pfc.es were washed thorough* with PBS + 0 05% Tween 20 
and incut** tor 30 minuted with 1 m. ot this wash but*. This washing step was repeated 

three times. . „ 

m Eution: The plates were incubated tor 10 minutes in an e.ut,on buffer 

5 conastirx^OmMTris^ 

the above buffer with or without 500nM of A64SAL subtilisin. ^ 

Tabte XVI. snows that there was a dramatic increase in the ratio of speaf.ca.ly eluted 
substrate-phagem* partic.es compared to the method previously described for pS0640 and 
PS0132 l is like* that this is due to the fact that the tight-binding hGH mutant has a 

Table XVII 

Specific e.ut.on of substrate-phagem.ds by A64SAL subtll.s.n 

(i) Wild-type hGH gene: binding to hGHbp-oxirane beads 

Qvio6 c{u / 10 ul 1.5x10 6 cfu/10ul 



25 



pS0132 (non-substrate) 

Cll) pH0650bd mutant hGH gene: binding to hGHbp-coated plates 



U 30 1 7vin5rfu/10ul 2x10 3 Cfu/l0ul 

PDM0411 (substrate) L^uX. 1x1 0 3cfu/10ul 

pDM0390 (non-substrate) 2x10^cfu/10ul 
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Example XIV 

We sought to emptoy the selective enrichment procedure described in Examp.e X... to 
identify good substrate sequences from a library of random substrate sequences. 

• ^""a* irtroduCtton ° f rand ° miSed SUbS,rate 
subsequent expression of a library of substrate sequences. The starting 
PS0643. described In Example VI... Site-directed mutagenesis was 
otnuc^-AGC-T^^ 

Z^kS^S^Sl (GGGCCC) and Sail (GTCGAC) restriction s-tes ^ een ^ 

arxf Gene.... This newconstruct was debated f^^^^^SS^ 
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the underlined base substitution is due to a spurious error in the mutagenic oligonucleotide), 
in addition, the tight-binding hGH variant described in example was Introduced by exchange 
a fragment from PDM0411 (example XIII) The resulting ybrary vector was designated 
PDM0454. 

5 p rf p»r a „nn nf t h f nh""Y r^sttP vonor and I nsrrtlnn of irm mutagenic 

Q flSSStt 0 

To introduce a library cassette, P DM0454 was digested with Apal followed by Sail, then 
precipitated with 13% PEG 8000+ 10mM MgCI 2 . washed twice in 70% ethanol and 
1 o resuspended This efficiently precipitates the vector but leaves the small Apa-Sal fragment in 
solution (Paithankar, K. R. and Prasad. K. S. N., Nucleic Acids Research 19:1346). The 
product was run on a 1% agarose gel and the Apal-Sall digested vector excised, purified usrng 
a Bandprep kit (Pharmacia) and resuspended for Ration with the mutagenic cassette. 

The cassette to be inserted contained a DNA sequence similar to that in the Unker 
1 5 region of pS0640 and pDM041 1 . but with the codons for the histidine and tyrosine residues in 
the substrate sequence replaced by randomised codons. We chose to substitute NNS 
(N-G/A/T/C- S=G/C) at each of the randomised positions as described in example VIII. The 
oligonucleotides used in the mutagenic cassettes were: S'-C-TTC-GCT-GCT-NNS-NNS-ACC- 
¥ CGG-CAA-3- (codng strandfl-Ss^GA WcOGGT-SNN-SNN-AGC-AGC-GAA-GGG- 

20 CC-3- (non-coding stranaf&s^seTe '& destroys the Sal site, so that digestion with Sal. 
may be used to reduce the vector background. The oligonucleotides were not 
phosphorylated before insertion into the Apa-Sal cassette site, as it was feared that 
subsequent oligomerisation of a small population of the cassettes may lead to spurious results 
with multiple cassette inserts. Following annealing and ligation, the reaction products were 
25 phenolxhloroform extracted, ethanol precipitated and resuspended in water. Initially, no 

digestion with Sail to reduce the background vector was performed. Approximately 200ng was 
electroporated into XL-1 blue cells and a phagemid ybrary was prepared as described m 
example VIII. 
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S»iprtmn of h ighly fti»»vbi» substrates from thfi rmnstrate library 

The selection procedure used was identical to that described for pDM0411 and 
PDM0390 in example Xlll. After each round of selection, the ehrted phage were propagated by 
transducing a fresh culture of XL-1 blue cells and propagating a new phagemid library as 
described for hGH-phage in example VIII. The progress of the selection procedure was 
monitored by measuring eluted phage litres and by sequencing individual clones after each 
round of selection. 

Table A shows the successive phage titres for elution in the presence and absence of 
enzyme after 1 , 2 and 3 rounds of selection. 
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Clearly the ratio of specifically eluted phage: non-specifically eluted phage (ie phage eluted 
with enzyme:phage eluted without enzyme) increases dramatically from round 1 to round 3. 
suggesting that the population of good substrates is increasing with each round of se.ect.on. 
Sequencing of 10 isolates from the starting library showed them all to consist of the 
5 wild-type PDM0464 sequence. This is attributed to the fact that after digestion with Apal, the 
Sail site is very close to the end of the DNA fragment, thus leading to low efficiency of 
digestion. Nevertheless, there are only 400 possible sequences in the library, so th.s 
population should still be well represented, 

Tables B1 and B2 shows the sequences of isolates obtained after round 2 and round 
, 0 3 of selection. After 2 rounds of selection, there is clearly a high incidence of histidine 

residues. This is exact* what is expected: as described in example XI... A64SAL subtilisin 
requires a histidine residue in the substrate as it employs a substrate-assisted catalyt.c 
mechanism. After 3 rounds of selection, each of the 10 clones sequenced has a hist,d,ne ,n 
the randomised cassette. Note, however, that 2 of the sequences are of pDM0411 . which was 
1 5 not present in the starting library and is therefore a contaminant. 
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Table A 

Titration of Initial phage poo.s and ph>8* «™ 3 rounds of se.ect.ve 

enrichment 

Colony forming units (cfu) were estimated by plating out KM of 10-fold dilutions of phage on 
10U spots of XL-1 blue cells, on LB agar plates containing SO^g/ml carbemdlm 

ROUND 1 



10 



15 



20 



25 



30 



35 



Starting library: 

LIBRARY: 

pDM0411: 
(control) 

ROUND 2 

Round 1 library: 

LIBRARY: 

pDM0411: 
(control) 

ROUND 3 

Round 2 library: 

LIBRARY: 



pDM0411: 
(control) 



3x1 0 1 2 cfu/ml 

+500nM A64SAL 
no enzyme 

+500nM A64SAL 
no enzyme 



7x1 0 1 2 cfu/ml 

+500nM A64SAL 
no enzyme 

+500nM A64SAL 
no enzyme 



7x1 0 11 cfu/ml 

+500nM A64SAL 
no enzyme 

+500nM A64SAL 
no enzyme 



4x10 3 cfu/10pJ 
3x1 0 3 cfu/10*il 

2x1 0 6 cfu/10^1 
8x1 0 3 cfu/10^1 



3x1 0 4 cfu/10^1 
6x10 3 cfu/10^1 

3x1 0 6 cfu/10^1 
1.6x10 4 cfu/10|al 



1x10 5 cfu/10^1 
<10 3 cfu/10|il 

5x1 0 6 cfu/10|al 
3x10 4 cfu/10n» 



# 



10 
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fable B1 

Sequences of eluted phage* after 2 rounds of selective enrichment. 

All protein sequences should L of the form AA**TRQ, where * represents a 
randomised codon. In the table belov/, the randomised codons and amino acids are underlined 
and in bold. 



frfter round 2: 



No. of 

occurrences 



15 



20 



25 



30 



35 



A A B X T / R Q 

GCT GCT p* r TAC ACC / CGG CAA " * * 

A A H M T/ R Q 
GCT GCT f»AC! ATG ACf CGG CAA . . . 

A A I* E f R Q 

GCT GCT ^ c A £ c CGG CAA * ' ' 

A A L H /T R Q 
GCT GCT pTfl PAC ^CC CGG CAA . . . 

A A A X I R Q 

, . . GCT GCT PAP ACC jCGG CAA . . . 

A A Z A I T R Q 

GCT GCT PAC UCC CGG CAA 

... wild-type pDM0434 

# - spurious deletion of 1 codon within the cassette 
## - ambiguous sequence 



l 

3 



## 
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20 



25 



30 



35 



40 



61 

Tjible B2 

nrnitr n rr 1 nf f |..t«>H n hage Jpr 3 rnnru l s nf ^»prtlvf> rnrlfihment . 

All protein sequences should be o/the form AA**TRQ, where * represents a 
randomised codon. In the table below. the|randomised codons and amino acids are underlined 
and in bold. 

Affftr round 3; , } 

„ /<jrfQ rp Nc^.w^y no. ot 



★ 




a 


X 


GAG 


TAT J 


L 


a 


CTC . 


GAG J 


Q. 


H 


CAG- 


GAG - 


X 


a 


ACG- 


GAG 


a 




GAG. 


ICG 




a 


CAT 


CAT 


a 


E 


GAG 


TIC 


a 


X 


GAG 


AGG 



## 



Q 

:aa 
Q 

CAA 



# - contaminating sequencfe from pDM0411 r^eitinn of a 

## . contains the "illegal" cofton CAT - T should not appear m the 3rd pos.t.on of a 

codon. 
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